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ABSTRACT 


PART 1 - Antihistaminica Drugs 

The crystal structures of the three antihistaminic drugs d2-Brom- 
pheniramine maleate, (+)-Chlorpheniramine maleate and Triprolidine 
hydrochloride monohydrate were investigated. All three compounds 
adopted a conformation with an open side which would permit both a 7 
electron overlap linkage and a hydrogen bond to the histamine HI recep- 
tor from the one face of the molecule. Correlations between the con- 
formations of four antihistaminic drugs have allowed the formulation of 
an hypothesis for the binding of both histamine and antihistamines to 
the receptor site. 
PART 2 - An Oxindoke Akkakoid 

The crystal structure of an oxindole alkaloid extracted from 
Eleagnus Commutata was undertaken to complete the structural character- 
ization of the molecule. The material was found to be racemic and the 
crystal structure showed that the phenolic hydroxyl group was bonded to 
C(6) rather than to C(5) as previously suggested. The systematic name 
for the compound is 6-hydroxy-2'- (methyl propy])-3,3'-spirotetrahydro- 
pyrrolidino-oxindole. 
PART 3 - Maleic Acid and Maleate Antons 

New data were collected for maleic acid and the structure refined. 
The internal hydrogen bond is acentric and the intermolecular hydrogen 
bond is not bifurcated. Disodium maleate was prepared and its struc” 
ture solved. A comparison of nine available structures did not explain 


why some maleate mono-anions had symmetric intramolecular hydrogen bonds 
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whereas others were asymmetric. Based on the average molecular geo- 
metries of similar species predominating electronic distributions for 
the free acid, mono-anion and di-anion are given. 
PART 4 - Programning 

Six FORTRAN programs useful in X-ray crystallography were written. 
Brief descriptions and program listings are provided for each of ALPHA, 
CROMERCURVE, DATAMEND, FRAME, PARALISTER and PRECLP. Subroutine SIM 
was added to program NRC-8 and this is listed and described. Program 
NRC-10 was extensively re-organized to allow recycling without user 
intervention, and an extensive error analysis and agreement summary sub- 


routine added. A listing of ANAL is provided. 
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PART 1 


Antihistaminic Drugs 


1.1 INTRODUCTION 
(1) 


Ever since its introduction by Langley in 1878 , the concept 


of a receptor site has been useful in the study of interactions of 


drugs with biological systems. The functional nature of generalized 


(2) 


receptor sites has been enunciated by Erlich whose paraphrased 


statement reads ...that they were small, structurally discrete 


areas from which a biological response emanated following interaction 


nen 


with a complementary foreign molecule Various kinetic formu- 
lations based on either ''occupancy'! or ''rate'' models have been used 
with some success to describe some aspects of the drug/receptor inter- 
action, but recently theories related more to the actual molecular 
events of these interactions have been proposed. A ''macromolecular 


(4) 


perturbation theory'' has been developed by Nachmansohn » which 


although similar to, was developed independently of, Koshland's 


Ped 


"induced fit theory , primarily with respect to the muscarinic 
cholinergic receptor and the acetylcholinesterase sites. A ''dynamic 
receptor hypothesis'' which owes much to classical enzymology was used 


(6) 


in rationalizing studies of the adrenergic system in terms of enzyme 
activities. Work in this latter area especially has been greatly 
facilitated by the isolation and characterization of very highly puri- 
fied receptor sites (enzymes) but unfortunately this is not true for 


most other systems of pharmacological interest. 


If it can be shown that the agonist (response inducer) and the 
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antagonist (response repressor) bind with and compete for the same site, 
then despite the above difficulties, those attributes of the receptor 
site which serve to define its activity and specificity can, in 
principle, be deduced and meaningfully mapped in space by a suitable 
investigation of both agonists and antagonists. 


(7) 


It is believed that histamine (I) and many of the various anti- 


histaminic drugs do compete for the same site and much work based on 


the above principle has been performed on this system. 


Naor ~ 

ae 

f boo 
Vi. 


6 


Dees 


TAN 


N 
——CH»—CHy —NH3 a Nec iy 
SS NH 


(1) The atomic nomenclature for histamine and two 
tautomers of the mono-cation. The imidazole ring 

is aromatic and it is believed that the primary amine 
function is protonated at physiological pH ; 


Large stores of histamine are to be found in the bodies of all 
mammals so far investigated. Normally this histamine is kept in an 
inactive form, either by being bound to the heparin of mast cells or 


(8). 


in combination with ATP and ADP in blood platelets The release 
of histamine from these storage locations may occur when the cells 


encounter: 


(a) Physical maltreatment such as burning or mechanical damage; 
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(b) Chemical agents of a basic nature that will displace the histamine 
from its heparin complex. Another type of chemical agent, and one 


whose mode of action is not understood, is typified by the compound 


known as ''48/80'' (11); 


CH,CH,NHCH3 


a mixture of 


CHo n= 25354 
OCH; 


(11) Compound 48/80 


or 

(c) The complex series of events that result from antigen/antibody 
interactions in allergically sensitised individuals. This condition 
is the most common and the most severe, but despite the large research 
effort which has been expended in trying to discern the mechanism of 
the histamine release this area remains little understood. 

The physiological responses which arise from increased histamine 
levels are usually categorized according to their response to chemo- 
therapy and, by inference, according to the nature of the receptor site. 

Type | responses include: 

(i) Smooth muscle contraction, especially that of the gut, 


bronchial tree and uterus. This leads to, for example, restricted 
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breathing. 

Con) Relaxation of arteriole smooth muscle with their consequent 
dilation and a fall in blood pressure. 

(iii) Increased capillary wall permeability which permits escape 
of plasma constituents into the tissue spaces. 

(iv) Increased secretion by the mucous glands of the respiratory 
passages and by the tear glands. 

It is this set of responses which is antagonized by antihistaminic 


(8). 


drugs Because of their common chemotherapeutic denominator these 
are said to result from interactions of histamine with the HI receptor 
site. 

Manifestations of histamine binding to the H2 receptor ‘ae indetae 

oy) Increased production of hydrochloric acid by acid secreting 
glands in the stomach. 

(ii) Stimulation of the heart rate. 

(iii) Inhibition of uterine contractions in the rat. 

Until very recently there were no known specific antagonists for 
these H2 responses but eight years of research involving the synthesis 
and pharmacological testing of more than 700 compounds has resulted in 


(9) 


the demonstration that Burimamide (II!) does possess this activity ; 


HC==—=C —(CH, ),—NH-C-NH-CH 
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(111) Burimamide 
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The remainder of this discussion is concerned solely with the 
pharmacology of the HI receptor, and no further reference is made to 
the histamine H2 receptor interaction. 

A great many chemical and/or structural analogues of histamine 
have been tested for their ability to elicit the allergic (HI) 
posddnseponte! bs It has been found that almost any modification to 
the histamine molecule results in an, often precipitous, decrease in 
activity. 

When the alkylamine side chain of histamine is reduced by one 
methylene carbon a compound of only feeble activity is obtained. How- 
ever, it is necessary to insert two more carbon atoms into the chain 
before all activity is lost. Monomethylation of the side-chain nitro- 
gen, or of the ring carbon adjacent to the ring/side-chain junction 
Phy yields compounds of moderate activity. Methylation at all other 
positions produces weak histamine agonists with equipotent molar 
ratios in the range 50 - 100. Substitution of the imidazole system 
by other small aromatic rings of similar basicity, e.g., triazole, 
pyrazole, thiazole, pyridine, pyridazine and pyrimidine, gave compounds 
of the same weak activity as those mentioned above. 

It seems, therefore, that the requirements of the HI site are 
optimally satisfied only by the histamine molecule and that very little 
structural variation is permitted if full potency is to be retained. 

A logical extension of the above work, and one that has been pursued 
by several methods, is the study of the molecular conformations of the 
histamine species. It was hoped that these studies would permit the 


preferred molecular geometry to be defined and so allow some reasonable 
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speculation on the topology of the receptor site. 

The basic centre of the ethylamine function has a pKa of 9.7 and 
so is largely protonated at physiological pH; the imidazole ring with 
its pKa of 5.9 pH units is uncharged within this context. The fact 
that the histamine mono-cation has both a donor and acceptor of hydrogen 


(12) 


bonding power led Niemann and Hays to suggest that an intramolecular 
hydrogen bond could be formed with one of the aryl nitrogen atoms 

acting as an acceptor, and that this (the implied folded conformation) 
may be important in terms of the agonist binding to the receptor site. 
This suggestion of an internal hydrogen bond has received some support 
from an analysis of infra-red studies on histamine and some of its 


(13) 


» although spectrophotometric titration studies provided 


(14). 


derivatives 
evidence that this bond was not formed 


A theoretical calculation based on an Extended Huckel Theory (EHT), 


(15) 


performed by Kier and designed to determine the total energy of the 


C and 


species as a function of the torsion angles around the once alkyl 


the C bonds, predicted that the conformer with the torsion 


alkyl “alkyl 
angles ha tay Nes and Neyo Ql, equal to 60° and 180° respectively is 
slightly preferred (energy difference = 1.6 kcal/mole) over that which 
has these angles equal to 60° and -60° respectively. 

The nomenclature and sign convention for these torsion angles is 
as follows: If A-B-C-D is a set of atoms connected as shown, then the 
torsion angle about the bond B-C is defined as the dihedral angle 
between the planes defined by the atomic positions ABC and BCD. A 


positive angle is one which requires a clockwise rotation of atom A to 


achieve superposition of the AB and CD bond vectors when viewed in the 
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direction B > C. 

These two conformers correspond to the trans and gauche forms with 
respect to the le bond and this information in conjunction with the 
known constrained geometry of Triprolidine (IV) led Kier to postulate 
that these two conformations might be responsible for interactions at 


the HI and H2 sites respectively. 


CH, 


(IV) Triprolidine 


Only the trans 2-py/CH,-N isomer of Triprolidine is an effective hista- 
(16) 


and evidence exists for the pyridyl ring being co- 


(17) 


mine antagonist 
planar with the ethylenic bond 
Kier reasoned that since both the alkylamine and the pyridyl 
functions are common in antihistamines (see later) and since these two 
groups had their counterparts in the histamine molecule, the internitro- 
gen separation was an important parameter in describing the ''binding 
conformations'' of these species. The distance from Ne to se for the 


° 
trans conformer was measured by Kier to be 4.55A and for the gauche form 
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as 3.60A, This latter distance is too long for any significant hydrogen 
bond formation, and since the geometry is unfavourable anyway, it is not 
now believed that an intramolecular hydrogen bond is formed. 

By building a model of the Triprolidine molecule and arranging it 
to mimic the proposed trans conformation of histamine, Kier was able to 
measure the nitrogen/nitrogen distance in this species as 480A. The 
difference between this and the SSA quoted above is probably not great 
enough to preclude similar binding of the itte molecules to the same site. 

Nuclear magnetic resonance studies of the histamine mono-cation in 
po (18) support the EHT calculations in that Casy, Ison and Ham find 
approximately equal proportions at the trans and the two gauche conform- 
ers in their solutions. 

Further evidence for a fully extended conformation of the di-cation 


(19) has been published but little weight can be given 


in the solid state 
to this latter study for two reasons: 

(i) The di-cation is not expected to predominate in situations 
where the pH is above 5.90 and so will be an unimportant species physio- 
logically. 

(it) The main feature of the above crystal structure seems to be 
a ring of water and phosphate moieties which surround and are hydrogen 
bonded to the di-ion in five places. It is therefore probable that 
this arrangement is sufficiently strong to force the adoption of an 
unfavourable conformation. 

The mono-ion has been re-investigated by quantum mechanical methods, 


(20) using the ''Perturbative Configuration 


(21) 


this time by French workers 


Interaction using Localized Orbitals'' (PCILO) method which, according 
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to these researchers, should yield more reliable results than are 
obtainable from EHT. Pullman and co-workers find two enantiomorphous 
conformational energy minima corresponding to torsion angles of 0° and 


45° for cc respectively. 


B By 


Despite the effort which has gone into studies designed to discern 


CN and NCC 
Y Oy aa 


the most probable binding conformation of histamine, little by way of 
concrete results can be said to have ensued. The most important 
aspect of this work is the knowledge that the physiologically active 
mono-cation has considerable flexibility and so little can be hoped for 
by way of receptor site mapping from studies on this molecule. 

On the other hand, there are many compounds, of varying degrees of 
structural rigidity, which are effective histamine antagonists, and so 
by drawing as many correlations as are possible from pharmacological 
and physico/chemical studies of these species, it should be possible to 
make some progress towards defining the receptor site. 

The most generalised formulation for histamine antagonists which 


has appeared in print to date is given below 22) ; 


(Vv) A generalised antihistamine 


In this symbolism Ri and R, are aromatic or heteroaromatic rings 


one of which may be separated from X by a methylene group; X is a 
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CO (ether), N or CH linkage; R. is most often an ethylene group or 


3 


a two-carbon fragment of a nitrogen heterocycle; Ry, and Re are sub- 
stituents of small size, usually methyl carbons but a small saturated 
ring may occupy both these positions. The Ry and Ro aryl groups may 
be ortho linked by Y which in turn may be a one or two atom linkage of 
quite variable character. 

Even these generalities do not cover the gamut of compounds known 
as histamine antagonists. Because of this, and also because of the 
very large number of currently available drugs, no attempt will be made 
to review all of the available material. Mention will be made of 
selected compounds where appropriate, but the interested reader should 
refer to citations (8) and (22) for more exhaustive discussions. 

In the case where the ohne feature does not involve a cyclic 
system, the introduction of a double bond into the alkylamine chain 
provides a simple way of imposing some structural rigidity without 
grossly changing the system's character. Casy and co-workers 25'2 1°22) 
have studied a series of isomeric diarylaminopropenes and diarylamino- 


butenes corresponding to the structural types (VI) and (VII) respect- 


ively. 


(VI) A 3-amino-1,1l-diaryl-prop-l-ene derivative 
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(VII) A 4-amino-1,2-diaryl-but-2-ene derivative 


These workers find that the greatest antihistaminic potency is 
obtained from the Ar = Ar' = Ph series when the alkylamine function 
is substituted trans to the aromatic grouping bonded directly to the 
ethylenic system, and they further find that greater activity is obtained 
when this trans aryl group is a 2-pyridyl moiety. Triprolidine and 
Pyrrobutamine (VIII) are both in clinical use and they both have a trans 
(16,23) 


Ar/CH,-N configuration at the ethylenic centre 


Nm 


(VIII) Pyrrobutamine (Pyroni1) 


Evidence cited above vl has been presented to show that the pyridyl 


ring of Triprolidine is coplanar with the double bond. Unpublished evi- 
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[2. 
(23) 


dence from proton magnetic resonance (pmr) spectroscopy also pur- 
ports to show that the 2-phenyl group of Pyrrobutamine is approximately 
coplanar with the ethylenic linkage. If this proposed coplanarity of 
m molecular orbital systems is strongly preferred, then it should 
persist in the solid state and X-ray crystallography should reveal its 
presence. Triprolidine hydrochloride monohydrate was chosen for study 
for three reasons: 

(i) Only one of the geminal aromatic rings can be coplanar with 
the ethylene system, and it seemed important either to verify the results 


(17) 


of Adamson et al. or to demonstrate that some arrangement permitting 

partial overlap of both extended m systems with the double bond exists. 
(ii) |The compound was easily available in a good crystalline habit. 
(iii) The hydrochloride derivative is clinically administered as 

an antihistamine. 
The Pheniramines (IX) provide a conformationally mobile but simply 


related variant of the 1,1]-diaryl-prop-l-ene system, and some useful in- 


formation should be obtainable from structural studies on these compounds. 


X 
CH3 
— 1X 
CH5 ue (1X) 
* CH, a X=H Pheni ramine 
CH——CH b X = Ck Chlorpheniramine 
2 c X = Br Brompheniramine 
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13. 
In this series the optically active carbon, Cl of the alkylamine chain, 
is more crowded than is the corresponding atom in Triprolidine and this 
fact may well impose some conformational restraints not implied by the 
fewer number of substituents of the ethylene bond. It has been said 
that in both systems the two aryl functions maintain a dihedral angle 


(24) 


of approximately 90° » and the extent to which this is true can most 


accurately be determined by X-ray crystallographic studies. 

The question of site specificity with respect to optic hand of 
either the agonist or antagonist has not arisen up to this point because 
of the lack of optical activity in the compounds under discussion. 

The Pheniramines, however, are optically active and have been resolved 


(26) 


into pure isomers Pharmacological testing of these enantiomers 


indicates that the (+) rotamer is twelve times more effective in com- 
(27) 


bating the effects of histamine than is its antipode Specificity 


with respect to absolute configuration has also been demonstrated for 


the L(S) and D(R) forms of 3-ethylamino-I-phenylpyrolidine (X). 


CH,CH2NH, CH CH NH, 
: N 
L(S) DIR) 


(X) Enantiomorphic 3-ethylamino-I-phenylpyrolidine structures 
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14. 


These two compounds were shown to have pA, activity indices of 5.92 


(28) 


and 4.92 logarithmic units respectively when tested for their 


antihistaminic efficacy on the isolated guinea pig ileum. The 


absolute configuration cryptics R and S$ are used here and subsequently 


(23) 


in the sense of their definition by Cahn, Ingold and Prelog 


The pA, parameter is a common pharmacological quantity and is 


def 


defined by the relation: pA, == -log, LAl, where [A] is the ant- 


2 
agonist concentration (moles/litre) which necessitates a doubling of 
the agonist concentration to maintain a constant effect. By analogy 
with this the quantities PA,» PAjo» etc. may be defined. 
Antihistamines in clinical use typically have pA, indices in the 


(30) 


range 8 - 10 and so these two compounds are much less active. 


However, the above demonstration does reinforce the observations made 
on the antipodai Chlorpheniramines. 


(31) 


Bar low proposed that the more active (+) isomer of Chlorphen- 


iramine should have the R configuration. However, Barlow's reasoning 
(32) 


was criticised by Hite and Shafi'ee on the grounds of arbitrariness 


and these latter workers went on to show, by chemical means, that 


(33) 


(+)-Pheniramine has the S absolute configuration No fault could 
be found with either the logic or the procedures of the above determin- 
ation, but it was felt that the absolute configuration of the reference 
compound had not been determined in a completely unambiguous way. For 
the sake of convenience and self-sufficiency, the complete argument is 
summarized below. 


Pure (+)-Pheniramine (Xla) was catalytically hydrogenated and a 


mixture of two diasterioisomeric secondary amines produced. A mixture 
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of solid amides was prepared from the above product by reaction with 
benzoyl chloride in basic solution. Hofman elimination conditions 
(pyrolysis of the quaternary nitrogen hydroxide) were applied and the 


diasterioisomers (XI) obtained. 


t C 
Cw N— 
EOOG COOH 


(a) “erythro” (b) “threo. 


(X1) Two isomers of 2-pheny!-2-[2-(-benzoyl)piperidyllacetic acid 


Fractional crystallization methods were used to separate these two 
isomers. The isomers were debenzoylated and one of these products shown 
(method not stated) to be identical to that compound which had previously 
been designated Barventolad The "'erythro'' and ''threo'' labels here 


are used for convenience; the assignment is based on the stereochemical 


relationships of the two methine hydrogens and of the phenyl! and methyl- 


ene substituents of the asymmetric centres. 


The method used by Weisz and budas ©? to determine the stereo- 


chemistry is as follows: 


The compound methyl-a- (2-piperidy])phenylacetate (X11) was prepared 
(35) 


as a mixture of two racemates according to the method of Panizzon 
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HC——COOCH, 


(X11) Methyl-a- (2-piperidyl)phenylacetate 


Separation of the isomers was achieved by saponification of the 
ester followed by reliance on the different pK's of the groups to effect 
preferential solvent ae ae This procedure was developed by 
Rometsch who designated the two racemic mixtures ''a'! and ''b''. Reduction 
of the acids with LiARH), followed by reaction with SOCL., resulted in 


formation of the alkyl halide(s) (XIII). 


HN 


H —CH, ——Cl 


(XI11)  2-pheny1l-2- (2-piperidy] )ethyl chloride 
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The crucial step in the work of Weisz and Dudas was to then boil 
these two mixtures in xylene. It was found that the chloride derived 
from Rometsch's ''b'' racemate was converted to 7-phenyl-1l-azabicyclo- 
[4-2-O]octane (XIV), whereas that prepared from the ''a'' racemate 


remained unchanged. 


(XIV) 7-pheny!l-l-azabicyclo[4:2-Oloctane 


Weisz and Dudas argued on the basis of an assumed cis 6/4 ring 
fusion and from a consideration of non-bonded repulsive interactions 
that only the "erythro'' configuration of the starting material was 
capable of yielding a stable bicyclic system. The ''b'' jsomers can 


then be represented by the structural formulae (XV). 


N(CH») 3 
H ch 
2 
\N 
COOH 7 
COOH 


(XV) “erythro! 2-pheny1-2-(2-piperidyl)acetic acid 
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18. 
Unfortunately, this latter argument is seriously weakened by the 


(37) 


knowledge that trans 6/4 ring fusion is permitted and also by a 
detailed examination of the, supposedly forbidden, cis fused molecule 
derived from the ''threo'' form. This scrutiny indicates that any slight 
repulsive interactions can easily be removed by small deformations of 
the species. 

The proof of the structure is therefore inconclusive and to resolve 
this problem we have undertaken an absolute configuration study of 
(+)-Chlorpheniramine maleate. 

The three drugs, d&-Brompheniramine maleate, (+)-Chlorpheniramine 
maleate and Triprolidine hydrochloride monohydrate, form the subject of 


this investigation into the structural features necessary for anti- 


histaminic action. 
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1.2 d&%-BROMPHENIRAMINE MALEATE 
Experimental 

A sample of this racemate was supplied by Drs. R.R. Ison and A.F. 
Casy of the Faculty of Pharmacy at this University. Crystals, 
suitable for single crystal X-ray diffraction work, were easily grown 
by vapour diffusion of diethylether into an ethanolic solution of the 
Salt. Preliminary oscillation and Weissenberg photography of a crystal 
exhibiting 2/m symmetry and of maximum dimensions 0.20 x 0.18 x 0.20 mm 
revealed the diffraction symmetry and systematic absences expected for 
space group P2,/c. 

The crystal lattice parameters, originally obtained from films, 


(38) during the alignment of the 


were refined by a least-squares process 
crystal on the Picker FACS-1 diffractometer; these parameters and 
other constants are contained in Table 1. 

A total of 3374 different reciprocal lattice points within the 
sphere limited by 26 = 129° were examined using Ni filtered Cu K 
radiation and the diffractometer in the coupled 6/26 scan mode. The 
28 scan speed was 1°/min. over a basic peak width of 1.8°, this width 


(42) 


being increased as a function of 6 to cope with the dispersion of 


the Cu K doublet. 


Data reduction included corrections for Lorentz and polarization 


(43) 


and calculation of observational weights according to the 


\2 (44) 


effects 


1 
expression Yw = 2 Fo/[T + (kl + B]* where T is the total peak 
count, | is the net peak count, B is the peak background and k is a 
small constant (0.04 in this case) included to allow for minor experi- 


mental errors. A total of 3164 unique and space group permissible 
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TABLE | 


A summary of data for d£-Brompheniramine maleate. 


empirical formula 
molecular weight 
metting point (lit.) 32) 
space group 
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no. unique reflections 
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2 
reflections of which 2266 satisfied the observed/unobserved criterion 
that the net counts should not be less than the smaller of 75 counts 
or 10% of the total background for that reflection were obtained. The 
scattering factors used were derived from the published analytical 


(45) 


except for the hydrogen curve 


(46) 


coefficients of Cromer and Mann 
which was that of Mason and Robertson The data were corrected 
for the effects of absorption according to the method of Busing and 


(47) 


Levy during the latter stages of the structure refinement. 


A Patterson map computed with coefficients modified to approximate 


) 


those expected from ''point atoms at pres unambiguously showed the 
positions of the expected three bromine-bromine vectors, and from a 

heavy atom phased Fourier synthesis suitable locations corresponding to 
the remainder of the pheniramine moiety were found. The atoms of the 
maleate ion were located in a subsequent electron difference synthesis. 
The positional parameters so defined along with individual atom iso- 
tropic temperature factors were subjected to three cycles of unit- 
weighted full-matrix least-squares refinement, using the locally modi- 
fied version of orFLs (49), During this process which reduced the 
conventional residual, CL A 18.0 to 7.7%, a correction term corres- 
ponding to the real part of the anomalous scattering by bromine (Af' = 
-0.529) was applied and all atoms of the pyridyl ring were treated as 
carbon atoms. A difference map computed at this stage made it possible 
to distinguish the nitrogen atom from the carbons of the pyridyl ring 
and showed sensible locations for the hydrogen atoms (the position of 


the second base dissociable proton of the maleate was deliberately by- 


passed here since it was desired to have as few errors as possible in 
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22. 
the Rs when this atom was being searched for). 
Least-squares refinement was continued with observational weights, 
making the block-diagonal approximation, and with correction for the 
imaginary part of the anomalous scattering by the bromine (Af!! = 


1.305) (99), 


The hydrogen atom parameters were permitted to vary but 
were constrained to isotropic thermal motion, the remaining atoms being 
allowed to assume their anisotropic form. A final difference map 
revealed the remaining hydrogen of the maleate with a peak height of 
OF3 e/A? and regions of electron density in the range +0.3 e/A> very 
close to the bromine. The background level of this map was +0.1 e/A?, 
That the electron density near the bromine was due to the inability of 
the assumed temperature factor model to adequately describe the thermal 
motion of this atom and not to absorption effects was shown by the fact 
that ae the data were corrected for absorption and the structure re- 
refined, no change resulted in either the R factor or the parameters 


(41) (40) 


and the ''ripple'' remained. The final weighted and unweighted 


R factors are 6.37 and 4.55% respectively. 


Results and Discussion 
The atomic parameters used to describe the final model are contained 
in Fables 2, 3 and?4. Table 5 is a listing of the observed structure 
amplitudes and the calculated structure factors based on the final model. 
Figure 1 presents the numbering scheme adopted here, while Figure 2 
displays the bond distances and interbond angles of this complex. The 
comparable molecular parameters for the hydrogen atoms are collected 


into Table 6. 
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TABLE 2 


The final set of positional parameters for the non-hydrogen atoms 
of one d&-Brompheniramine maleate ''molecule''’. Estimated standard 
deviations in the last figure quoted are in parentheses. 


Atom x/a y/b Zc 

Br -0. 03052 (8) -0. 15502 (5) 0.04388 (3) 
c(1) -0.0557(5) -0.0621 (4) 0.1129(2) 
c (2) 0.0355(5) 0.0389 (4) 0.1413(2) 
C (3) 0.0200 (6) 0.1031 (4) 0.1936(2) 
C (4) -0.0827 (5) 0.0674 (4) 0.2185 (2) 
5) -0.1747(5) -0.0334 (4) 0.1884(2) 
C (6) -0.1622 (5) -0.0975 (4) 0.1351 (2) 
C (7) -0.0869 (5) 0.1333(4) 0.2801 (2) 
G(v) -0.0176(5) 0.0509 (4) 0.3432 (2) 
€(2') 0.1382 (5) 0.0533 (4) 0. 3835 (3) 
3") 0.2033 (6) -0.0188 (4) 0.4408 (2) 
c(4') 0.1114(6) =0. 092505) 0.4579 (3) 
G5") -0.0412 (6) -0.0904(6) 0.4148 (3) 
N(6') -0. 1098 (4) -0.0214(4) 0.3585 (2) 
c (8) -0.2470 (5) 0.1803 (4) 0.2670 (2) 
C (9) -0.2972 (5) 0.2833 (4) 0.2148 (2) 
N(1) -0.4419 (6) 0.3450(1) 0.2078(1) 
Ca -0.4752 (6) 0.4593 (4) 0.1657 (2) 
Cb -0.5759(5) 0. 2606 (4) 0.1807 (2) 
Cm(1) -0. 4748 (5) 0.2559 (4) 0.4929 (2) 
Cm (2) -0. 3948 (6) 0.3726 (4) 0.4910 (2) 
Cm (3) -0. 3730 (6) 0.4245 (4) 0.4403 (2) 
Cm(4) -0.4173(5) 0.3819 (4) 0. 3682 (2) 
0(1) -0.4976 (5) 0.2354 (4) 0.5429(2) 
0 (2) -0.5161 (4) 0.1800(3) 0.4416 (2) 
0 (3) -0.4758 (4) 0.2764 (3) 0. 3496 (2) 
0(4) -0.3951 (4) 0.4537 (3) O25 see 
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TABLE 3 


The thermal motion parameters for the atoms of Table 2. 


U 


U 


U 


| 


0.0491 (3) 
0.029 (2) 
0.045 (3) 
0.037 (3) 
0.019 (2) 
0.026 (2) 
0.016 (2) 
0.023(2) 
0.014(2) 
0.029 (3) 
9.011:(3) 
0.007 (3) 
0.022 (3) 
0. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


010 (2) 


030 (2) 
5027 (2) 
042 (3) 
.028 (3) 
026 (2) 
.056 (2) 
502742) 
.043 (2) 
.051 (2) 
.020 (2) 
029 (3) 
.036 (3) 
033 (2) 


o° + 2a b U, hk + 


12 


1] 22 3 2 
0.1231(5) 0.0722(4) 0.0686(4) -0.0055(3) 
0.069(3)  0.046(2) 0.053(2) 0.010(2) 
0.072(4)  0.060(3)  0.070(3)  -0.003(3) 
0.073(3) 0.051(3) 0.068(3)  -0.005(2) 
0.043(3) 0.040(2) 0.049(2) 0.002 (2) 
0.046(3) 0.049(3)  0.062(3) 0.002 (2) 
0.056(3)  0.039(2) 0 059(3) -0.004(2) 
0.051(3) 0.042(2) 0.055(2)  -0.002(2) 
0.048 (3); 240 7041(2)  08044(2)) -0.003(2) 
0.050(3)  0.050(3)  0.080(3) 0.005 (2) 
0.050(3)  0.067(3) 0.079 (3) 0.010 (3) 
0.073(4)  0.082(4)  0.056(3) 0.022 (3) 
0.068(4) 0.101(5) 0.078(4) 0.036 (4) 
0.052(3)  0.078(3) 0.058(2) 0.023 (2) 
0.061(3) 0.043(2) 0.052(2) 0.007 (2) 
0.056(3)  0.047(2) 0.051 (2) 0.002 (2) 
0.094(4)  0.047(3) 0.068(3) 0.014 (2) 
0.062(3)  0.056(3) 0.064(3)  -0.002 (2) 
0.060(2)  0.038(2)  0.043(2) 0.006 (2) 
0.126(3) 0.105(3) 0.065(2) 0.013(2) 
0.078(2)  0.054(2) 0.059(2) -0.001(1) 
0.109(3)  0.054(2) 0.052(2) -0.015(1) 
0.106(3)  0.057(2) 0.061 (2) 0.033(2) 
0.050(3) 0.063(3) 0.052(2) 0.009 (2) 
0.074(3)  0.063(3)  0.050(3)  -0.011 (2) 
0.083(4)  0.052(3) 0.055(3) -0.018(2) 
0.064(3)  0.049(3)  0.054(3) 0.001 (2) 
: These Ui. values are coefficients in the expression 
exp[-2n7(a*2U, jh’ + bu 9k” ae 33 ‘ 
Zac Ul, she + 2b*c"U, gkt)] 
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The positional and thermal parameters for the 
hydrogen atoms of d&-Brompheniramine maleate. 
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TABLE 5 


The observed structure amplitudes and the calculated 
Structure factors for d&-Brompheniramine maleate. 
Excluded reflections are marked with an asterisk and 
the amplitudes have been multiplied by 10.0. 
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FIGURE 1} 


The atomic numbering scheme used in this analysis. 
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FIGURE 2 


Bond distances and interbond angles for the non-hydrogen 
atoms of d&-Brompheniramine maleate. The e.s.d°5 in 
these distances and angles average 0.005A and 0.4A 

- respectively. 
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Bond distances and interbond angles involving the 
hydrogen atoms of d&-Brompheniramine maleate. 
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33. 
If X denotes a carbon, oxygen or nitrogen atom, then the standard 
deviations in Br-X, X-X and X-H distances average 0.005, 0.006 and 
0.06A respectively. Bond angles of the types Br-X-X, X-X-X, H-X-X 
and X-H-X have average standard errors of 0.4, 0.4, 3.0 and 2.0° 
respectively. These error estimates were derived from the appropriate 
atomic positional e.s.d's using the independent atom method of Ahmed 


(Gann 


tytaile. The sigmas in the atomic parameters were derived from the 


elements of the atomic matrices after inversion, according to standard 


(52) (53). 


methods , by the block-diagonal least-squares refinement program 
Because of the neglect of inter-atomic correlations, this procedure 
usually leads to an underestimate of the atom parameter standard devi- 
ations which may be corrected for if convergence has been achieved using 
the relaxation factor method of Hodgson and Rollet (24), This method 
was not employed in its published form because of the apparent inability 
of the least-squares process to recover from the use of relaxation 
factors greater than unity. Other workers have accommodated this 
difficulty by simply multiplying the least-squares estimates of the 
standard deviations by some constant - usually in the range 2-3. The 
arbitrariness of this procedure makes it unattractive, and accordingly 
the least-squares estimates are used unmodified here, but with the ful] 
realization that an overly precise description may be implied by this 
usage. 

The details of this structure may conveniently be considered in 
three parts. At this point, the discussion will concentrate mainly on 
a description of the protonated Brompheniramine moiety. An interpreta- 


tion of this structure in terms of antihistaminic potency will be 
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34. 
integrated into a section at the end of this portion of the thesis, and 
the maleate jon will be fully discussed in another part of this work. 

The observed C(1)-Br bond distance for this structure is 1.897(6)A 
whereas the estimate of the bromine-aromatic carbon bond length obtained 
by Sutton, on the basis of spectroscopic work most of which was performed 
before 1950, is 1.85(1)R 09), There is a serious discrepancy between 
these values, and to obtain a better estimate of the Weraronarte 
distance, those bond lengths of Table 7 were gathered from the litera- 
ture. Entries in this representative tabulation were averaged accord- 


(55), 


ing to the formula given below 


<0 B(L,/0,")/E/0," 


(55), 


and the associated error estimate derived from 
rt 2,-3 
rt (Z1/o. ) 


The improved expectation value obtained from this analysis is 1.895A and 
the statistical standard deviation is 0.0015A. 

Agreement between this latter value and the observed magnitude of 
this quantity in Brompheniramine is good and lends some credence to both 
this experimental value and the e.s.d. in the observed bond length. 

Other distances within the cation fall close to expected values; 
the six C s#:: C bonds of the phenyl ring average 1.386A, a value which 
is near the 1.394A expected for such ever enshe one The C(2)-C (3) sep- 
aration is 0.017A shorter than this average but the discrepancy is less 
than-3. x 0.006A and so no statistical significance can be attached to it. 


Despite the unaccounted for errors in the standard deviations, the 
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a representative survey. 


Bond Lengths 


96 (3) 

-91(5) 

.905(35), 1.972 (35) 
.88 (5) 

-90(5), 1.89(5) 
87 (3) 

-87(3), 1.96(3) 
.90(1) 

.87(1) 

-88(1), 1.93(1), 1.89(1), 1.95() 
.88 (4) 

85 (3) 

96 (2) 

886 (5) 


-87(1) 
93 (2) 
-910(13) 


-88(1) 

.93(2) 

-94 (3) 

.88(2), 1.88(2), 1.90(2) 
.908 (13) 

.876 (31) 

.91(2) 

886 (5) 

.919(9) 

.889 (9) 


87 (3) 

.886 (15) 
.901 (7) 
. 881 (8) 
.867(12) 


-91 (2) 

-891 (7) 

-902 (2) 

.891 (6) 

.93(2) 
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36. 
6c (0.042A) shortening of the C(2')-C(3') bond in the 2-pyridyl function 
is probably significant. Non-equality of the nominally equivalent 
C s::+: N bonds within this ring is also apparent, the C(1')-N(6') 
distance being longer than that for C(5')-N(6') by 0.026A. 

Inspection of the internal bond angles of the 2-pyridyl ring also 
reveals some departures from the geometry one might expect on the basis 
of an assumed ''nearly symmetric'' system. A regular hexagonal form for 
this ring may be discounted because it is known that C 222: N bonds are 
shorter than similar linkages between carbon Scams) 5 bute it) PETS 
assumed that only small electronic disturbances are associated with the 


presence of a -CHPhCH,- substituent, then there seems little reason for 


2 
angles C(1')-N(6')-C(5') and N(6')-C(5')-C(4') differing by 4.2° and 
5.8° respectively from 120°, whereas the other ring angles only deviate 
by a maximum of 2.2° from this value. 

The 2-pyridyl moiety forms part of all three of the antihistamine 
structures determined here and certain consistencies may be noted if 
these three features are studied. However, in order to set a firmer 
base for these comparisons, another literature search was performed. 


With reference to the key figure (XVI) the data of Table 8 may be inter- 


preted in terms of the following generalities. 


(XVI) Key figure for Table 8 
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38. 

(i) There is no inherent tendency for one C s:+: N bond to be 

longer than the other. 

(ii) The internal ring angle at the nitrogen atom is about 3° 

less than 120°. 

(iii) Angles q and u, which are the internal ring angles at those 

atoms flanking the nitrogen atom, are usually greater than the 

trigonal value by about 3°. 

The last entry in Table 8 summarises the results obtained spectro- 
scopically for amewarhe and demonstrates that the bond angle distortions 
noted above are an intrinsic property of this heterocycle. The spectro- 
scopic workers assumed that the molecule had a 2-fold axis of symmetry 
in interpreting their results. 

The two aryl systems are individually planar with maximum exoplanar 
displacements of 0.012A and 0.010A for the phenyl and pyridyl rings 
respectively. With respect to an orthogonal axial system measured in 
angstroms and with x, y, z parallel to the crystallographic a, b and c* 
axes, these two planes may be described by the direction cosine 
equations -0.4273x + 0.6013y - 0.6751z + 1.1812 = 0, and -0.3878x + 
0.7369y + 0.5538z - 5.3962 = 0 respectively. 

The goodness of fit of the atomic positions to a plane is often 
inferred from the ys papbmevetsO3”., This quantity is defined by 


se = E (p,°/o(, ). The summation being taken over all atoms used to 


i 
define the plane, P; is the deviation of atom i from the plane and F(5.) 
i 
rsetnecers. cd. in tthatedirstance’. Smal] ae values indicate good planarity 


, 2 
of the group. The benzyl and pyridyl rings have xy values of 25.6 and 


5.6 respectively and they maintain an interplanar dihedral angle of 
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39: 
103.6° between them. The dihedral angle between the aryl planes 
describes their mutual disposition but gives no indication of their 
orientation with respect to the rest of the molecule. Torsion angles 
about the C(4)-C(7) and C(1')-C(7) bonds are important in describing 
the geometry and so are quoted here. The torsion angles C(6)-C (4)- 
¢(7)-¢ (8) and N(6")-C(1")=C(7)-C (8) are -55.1° and 33.3° respectively. 
Figure 3, which is a stereoscopic pair of the complex, displays the 


conformation. 


BROMPHENIRAMINE MALEATE BROMPHENIRAMINE MALEATE 


FIGURE 3 


A stereoscopic pair of the d&-Brompheniramine 
maleate complex showing the R absolute config- 
uration. This and the other stereoscopic 
drawings in. this thesis are computer produced 
Hiagrensnee) 


The three bond angles at C(7) not presented in Figure 2 are those 


involving H(7). When C(4), C(1') and C(8) are the second bonded atoms 
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the bond angles are 104°26', 106°31' and 109°31' respectively (stan- 
dard error in each case being 2°18'). Deviations from ideality here 
are small but may be attributed to non-collinear bisectors of the 
angles C(4)-C(7)-C(1') and C(8)-C(7)-H(7). 

Because of the greater basicity of the dimethylpropylamine group- 
ing over the pyridyl function, it is not surprising that the maleate 
ion is hydrogen-bonded to this former structural unit. The N(1)-0(4) 
distance is 2.718A, the separation of 0(4) and Hm is 1.84A, and the 
bond angles at Hm ant 0(4) are 163°54' and 107°12' respectively. 

These parameters describe a N-H----0 bond which, although slightly 


(65) 


shorter than those tabulated by Donohue » only extends this range 
(2.73 - 3.07K) by 0.01A and so nothing special can be inferred from 
these dimensions. 

The alkylamine chain is fully extended and directed away from the 
diaryl system. Repulsive interactions are minimised by this arrange- 
ment which implies a trans conformation about the C(8)-C(9) bond; the 
torsion angle C(7)-C(8)-C(9)-N(1) is -171°39'. Because of the appar- 
ent importance of the conformation about this bond a view of the 
molecular complex projected down the C(9)-C(8) bond is included in 
Figure 4. 

Another conformational feature of interest is depicted in the 
molecular packing diagram, Figure 5. The molecule in the bottom left 
corner of this diagram most clearly shows that the alkylamine chain is 
not symmetrically disposed with respect to the two aromatic rings. The 


nature of this asymmetry is such as to partially occlude the p-bromo- 


phenyl moiety and expose the pyridyl ring to functional groups which 


“Waid equovp Fenoltonw? 02 enia Iybivyg end s2oqxs bas Yas 


>, 08 
o1ed viifsebi mont enoigeived  .(°81°S emied e289 Hose ni 


sit) 40 ev0%99e1d 8907! Toa-naM BH baudix336 ed Yon i aan 
ARNE) 2=(B)2 brs (11) 9-(N)9-@)9 eotens 


_=quore onimelygorqivdysmib edt Yo yaiotesd ye26e70 9d3 to < — 
etsetem ona ters enizingiwe jon et 37 gnoitonul Sybivyq 34% deve, eni 
(d)0-(1)4 eAT = =-ti nw iswyourte ismet zids of bobnod-navodbyd ef nol 
at bas ANB. 27 of bas (80 te moiteveqsz ods .ANTY.S af gongzetb 
vfavitosqess 'SI°VOT bre 'AZ°EO! sv6 (A)O bas mH t6 aeipns baod 
yltdpife dewodtts .doirw bod O----H-M 6 sdisoezeb erstemsyeq oeedT 


spne7 eles ebinbvdack yino., (<8) apytioned yd betsludes szong herr istrone 
mot besrstni ad nea balan pnidson oz bne Alo.9 yd (A§O.€ - €&¥.8) 
: .enotensmib seers 

eri mort Yewe ae en yilu? 2) niedo snimsiyate onT 
cepnet16 219 a boviniintie 916 enoitas sini svielugod .medeye Iy1sib 
any ibitod (e) a-(6)0 aft tuoda noitemsotnes eneit = 251 lqmi Agidw én 
—4sqq6 ong Yo sevens® 4 . "PE°TN TD ef (1) H-(€) 9-(8)9-({) 0 Siens nolet02 
oft to welv 6 bred 2id¢ tuods noisemotnos ait jo gone3 10qni tns 
ni bebulant zi brod (8)9-(®)9 ers nwob bs25ej01g xsiqmoo 16luostom 
8 syugid 

oft ni befglqeb eT tested? Yo siwIee? I snoi Semmotnad rsdioNA 
ttf mozzod ofa mi siusstom sf = .2 sei? ymerpsib atl vel vastom 
27 nists snime(wils ed todd aworle ylts9l> s20m meipsib eine Yo r9M09 
ait .apnia sidemors ow? sft of tosqest dtiw bezogzib yEfeaia tammy e Jon 


~oiipnd=q Ghd sbulasb yl leiteq ‘od 26 dove 2i yitommy26 2 


FIGURE 4 


A drawing of the d&-Brompheniramine maleate complex 
as viewed down the C(9)-C(8) bond direction. 
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FIGURE 5 


A packing diagram of several molecules 
viewed parallel to a. The conformation 
is most clearly shown by the molecule in 
the bottom left corner. 
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approach this "open face'' of the cation in directions permitting 
hydrogen bonding to the dimethylamino group. It may be thought that 
repulsive interactions might be responsible for the molecular dis- 
symmetry, but neither an extensive search through lists of computed 
interatomic distances nor a close examination of a space filling CPK 
molecular model has revealed any such interactions. The unsymmet- 
rical nature of this conformation may most easily be described by 
quoting the distances from the alkylamine nitrogen to the centroids 
of the aromatic rings. These parameters are 6.212A and 5.568A 
respectively for the pyridyl and benzene rings. 

Despite the presence of two basic functions and a diprotic acid 
molecule, the only intermolecular interaction of a polar nature is the 
hydrogen bond previously mentioned. The aromatic base and the second 
maleic carboxyl group do not participate in any specific bonding 
interactions, although they and the other parts of this structure 
participate in many Van der Waals type attractive FORCS Scone 

In this space group the eight centres of symmetry per unit cel] 
fall into two non-equivalent classes. One Van der Waals contact 
worthy of mention is that between bromine atoms related by centres of 
symmetry equivalent to that of the origin. The separation of these 
two atoms is 4.025, a value which is in agreement with the 3.90A 
expected on the basis of Pauling's Van der Waals radius for yee 
Another intermolecular contact across a centre of symmetry involves an 
edge of the pyridyl rings and may be seen at the right-hand side of 


Figure 5. The closest carbon-carbon contact here is 3.680A and 


although the pyridyl rings are parallel no stacking interactions occur, 
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and so this is another normal dispersion type interaction which contri- 


butes to the stability of the crystalline solid. 


The gift of the sample of d&-Brompheniramine maleate by Drs. R.R. 


Ison and A.F. Casy is gratefully acknowledged. 


4S. 
1.3 (+)-CHLORPHENIRAMINE MALEATE 
Experimental 
A powdered sample (5 gm) of this compound was supplied from batch 
numbe re tt7-1-29-"* bye Dr & JIG, ToptTiss ofthe Schering Corporation 
This isomer is reported to have an optical rotation of [a]? = +43.5° 


(68) 


for a 1% solution in dimethylformamide (DMF) An optical rotation 
of 41.0 + 0.8° was obtained independently after evaluation of experi- 
mental readings on a 0.25% solution in DMF using a Cary model 60 
recording spectropolarimeter. 

Some difficulty was experienced in growing crystals suitable for 
data collection because of the very high solubility of (+)-Chlorphen- 
iramine maleate in simple alcohols and because of the readiness with 
which this compound supersaturates in anisole, pyridine, dimethy]- 
sulphoxide (DMSO), chloroform, sec. propanol, tert. amylalcohol and 
water. Well shaped needles were obtained by slowly cooling a hot 
solution of the molecular complex in ethylacetate. One of these 
crystals was cut under the microscope with a scalpel and a columnar 
fragment measuring 0.25 x 0.30 x 0.60 mm mounted along its length in the 
uSual way. 

Preliminary oscillation and Weissenberg photographs revealed 2/m 
diffraction symmetry and the fact that the direction of elongation of 
the crystals was not the monoclinic unique axis. The space group of 
these crystals was uniquely determined as P2 by noting that the odd 
orders of the 0kO reciprocal lattice row had zero intensity, and that 
the compound possessed optical activity. 


The crystal was transferred to the diffractometer and aligned using 
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46. 
customary techniques. The refined unit cell constants and some other 
physical parameters are contained in Table 9. 

Because of the geometry of the diffractometer and the manner of 
the crystal mounting, it was necessary to collect the data from two 
regions of reciprocal space. These two regions were both within the 
sphertcall shell derined by 4.0°°<°26 < 128". ' “The first ‘part’ or ‘the 
set encompassed all those reflections for which -6 < h < 3 and -23 < 
k < 0 and O < £< 10; the remainder of the set collected was from the 
h, k, Q octant for which h < -3. These data were combined and the 
indices transformed to yield hk2 and hk2 reflections (see later). 

The data reduction procedure employed corrections for the minor 
intensity falloff in the three monitor reflections which occurred during 
the data collection, as well as the Lorentz and polarization corrections 
appropriate for the moving crystal/moving counter technique with normal 
beam equatorial waenetan OL Also at this time observational weights 
were calculated according to the procedure outlined above (page 19). 

Of the 1784 independent and space group permissible reflections 
collected, 1679 were found to have net intensities greater than Bio Sik 
The remaining 105 data points were assigned a threshold intensity and 
coded as unobserved; they were excluded from all subsequent calcu- 
lations. 

A Patterson map was computed using one modified by the I/Lp curve 
as coefficients in the synthesis. Despite this sharpening procedure, 
the vector map obtained showed poor resolution. An unsharpened 


Patterson map was computed for comparison and two well shaped peaks were 


shown to have been enhanced by the sharpening. A symmetry minimum 
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(+)-Chlorpheniramine maleate physical data. 


molecular formula 
molecular weight 
crystalline habit 


Space group 


cl 

b 

(2 

£ 

V 

ae (2 formula units/cell) 
ae (density gradient column) 
[a]? 1% MF (Vit.) Og 

[a]2© 1% DMF (obsd.) 

wu (Cu Kk 


crystal size 

28 range explored 

no. unique reflections 

no. observed reflections 

no. variable parameters 

ratio observations/parameters 
final unweighted R 

final weighted R 

mean sigma in C-C bond 


mean sigma in C-C-C angle 


Coot No, Ck 
390.87 

needles along a 
ee 

5.7669 (4)A 
20.3382 (16)A 
9.1347 (8)A 
103.73(2)F 
1040. 75K 

1.248 gm/cc 
1.248 gm/cc 
+43.5° 

+h] +0.8° 

18.5 cm | 

0.25 x 0.30 x 0.60 mm 
esl 28~ 

1784 

1679 (94.1% of total) 
308 

5.45 

5.02% 

6.642% 

0.005A 


0.4° 
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48, 
superposition Tap igen calculated on the basis of these two positions 
revealed the chlorobenzene fragment and the maleate ion. Successive 
structure factor computations and electron density syntheses revealed 
the remainder of the structure. The relationship of the final model 
as input to the least-squares refinement to the u+4-w harker section 
is depicted in Figure 6. The model was refined by the difference 
Fourier method and through two cycles of unit-weighted block-diagonal 


(53) (40) 


least-squares to yield a conventional R factor of ¥2524. 


FIGURE 6 


The u-s-w section of the three dimensional Patterson synthesis 
and the relationship of the initial model to this section. 
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49, 
Throughout the refinement the y coordinate for the chlorine atom was 
fixed at 0.50. The scattering factors used were derived from the 


(45) 


analytical coefficients of Cromer and Mann except for the hydrogen 
curve which was that of Stewart, Davidson and Si nee One The Af' 
correction terms for the non-hydrogen atoms were applied here and sub- 
sequently. These quantities for Cu KS radiation are: C& = 0.375, 
0.=.0.055, N = 0.036, C = 0.021 Scere The Af'' terms for 
chlorine and oxygen, 0.685 and 0.034 electrons pos peeeipeue aes were 
applied later. Convergence of the isotropic model was achieved at 
R = 17.8% after two further cycles of block-diagonal least-squares 
refinement. The temperature factors were then allowed to assume their 
anisotropic form and the refinement continued through four further 
cycles. The residual at this stage had been reduced to 10.4% and a 
difference map calculated on the basis of these new parameters revealed 
chemically sensible locations for all of the hydrogen atoms except the 
second base dissociable proton of the maleate ion. It was also possible 
at this time to deduce which of the atoms of the pyridyl ring was the 
nitrogen - all atoms of this moiety had hitherto been treated as carbons. 
The hydrogen atoms were included, with their temperature parameters 
fixed at the final isotropic value assumed by the atoms to which they 
were bonded, and six more least-squares cycles performed. The relia- 
bility index was thereby decreased to 6.8% but a difference map computed 
at this stage did not allow reliable positioning of the remaining 
hydrogen atom. 


In an attempt to remove residual errors in the model and to deter- 


mine the absolute configuration of the (+)-Chlorpheniramine molecule, 
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508 
several adjustments were made: 
(i) The reflection data were transformed back to the hk2 and 
hk2 quadrants originally collected. The hk& reflections which had 
h < -3 were denoted by hk2. The validity of this procedure lies in 


(71) 


the Laue group symmetry of these crystals of 2 and in the fact 
that the two forms of the reflection do not differ significantly in 
transmission factor. 

(ii) The molecule was inverted by reflection through the plane 
y=. Only three of the parameters used to describe each atom need 


be modified by this procedure. Theyeares: yt =]. 08eay, Bio = “Bio: 


and Bs 3 = -B (72) | The original molecule had the R configuration 


23 
at the methine optic centre and the inverted molecule is denoted S 
according to the convention of Cahn, Ingold and Prelog (29), 


(iii) The Af'' terms for the chlorine and oxygen atoms were included 
in the calculations and parallel least-squares refinement performed. 

(iv) Five reflections of high intensity and small scattering 
angle and for which ie was significantly less than i were excluded 
from the refinement. 

After each model had been refined through seven cycles using 


observational weights the following information was obtained: 


HF I-IFI ek 
Model R 2 ee Rie a) 
ZF | IWF 
R 5.57% 7.34% 


S 5.76% 8.21% 


02 


bre dard oft 0% Added bemotensyt | noitoetter onl 
bod Aoitw enoisaatten _ aiiccnirehmagees 
ni eai| swbe9019 2ina Jo Vaibivev fT’ Sid yd bexonah sew a4 
Jos? add ni bre (1%) ¢ to alsteyio seed to yisemmye quote sued oft 
ni yltnsoidinel2 11Ib jon ob noigseltey aft Yo emo? ows ens deny 
aasta edt dpuoids noistoetis1 yd bstisval eaw siusslom aT qty ? 
bssn mots doses sdiya2eeb o3 bau 2ietoms16q siz to ssrds ytd ft = ¥ 
6g fa” = of8 ev 7 0.1 = 'y. te46 YSAT) .siubss07g aids yd bei?ibom ed 
noltsiupitnos A ands bert sfusslom fentpito art (0) e-™ st brie 
2 bstonsb ei siduians bstisvnai ont bos ents sitge anidyem ol? te 
Aes) goist? bas biogal eftied to noijnsvnos sii oF enibioss6 
bebulani s1sw emoss ae brs anirofds siz sot amet A aft (IIT) 
ebsmioi1eq insmeniisy esieupe~jesof (fslisteq brs enoisetusico six nt 
pnirysitese Ileme bne ahteudeh rpind aa enoitosttey svia (vi) 
bsbuloxs ssw af ners eas! yisnesitingie 2ew o toidw rot bre sipne 
| insmontiey edt mor? 
pniaw 2sfoys nsvae dpuoids testes need bs Isbom does isttA 
:bsnistde esw noitemtotni eniwollot ens enigiew fenolitsvisedo 


4 a ee | 
[Saas | oon 2) 6 alata a Isbor 


Awa feats 
2) oO 


SHE .T sf2.e A 70 
g1S.8 fay.2 @ 


Bie 
During this refinement 308 parameters were varied using 1674 indep- 


(73) » 


endent observations. The eRP factor ratios and Rp are 1.119 and 


R! 
1.034 for the weighted and unweighted reliability indices respectively. 
Interpolation on the tables of Hentaeeurees shows that these ratios are 
significant at the 99.5% confidence level and that the true absolute 

configuration is R. This finding is at variance with that previously 


(32) No fault could be 


reported on the basis of chemical arguments 
found with these chemical arguments but it was felt that original 
assignment on which they rested was not firmly based, and so it was 
decided to carry out more experimental work in the hope of clarifying 
the situation. 

The original crystal used for the data collection was remounted on 
the diffractometer as it had been previously. Those reflections which 
satisfied the three criteria: 

(i) the reflection should not belong to any special reciprocal 

lattice zone, i.e., h #0, k #0 and 2 #0. Only the hO& zone is 

centrosymmetric here and cannot give useful information with regard 
to absolute configuration. Reflections from the Ok and hkO zones 
were excluded purely for convenience; 

(ii) the observed intensity should be great enough to permit 

statistically reliable measurement but not sufficiently large to 

necessitate concern over such effects as absorption, extinction and 
counter paralysis, i.e., 10.0 < be < 40.0 electrons; and 

(iii) the contribution of the chlorine atom to the overall 


structure factor should be large enough for the Af ey term to be 


observabiJe,..i.e.5 F (cz) S025 F (all), 
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were recollected as were their Friedel pairs. The 106 hk2/hke pairs 
obtained on this basis were processed in the normal way. The gonio- 
stat settings for the two members of a pair differed only in ¢ and since 
the greatest and least correction factors for the various orientations 
available by ¢ rotation are 1.59 and 1.46 respectively, absorption 
corrections were not applied. Two cylinders of diameters 0.30 and 
0.25 mm respectively were assumed in determining these figures by inter- 
polation in a table of correction factors for absorption in a cylind- 


(74) 


rical specimen This procedure would overestimate the difference 
between the correction factors. 

Structure factors were calculated for these data using the ''R'' 
and ''S'' parameter sets as they stood before the above parallel refine- 
ment was performed. When the Af'' terms for the chlorine and the 
oxygen atoms were included in the calculations, the ''S'' set of parameters 


was clearly identified as being correct. The agreement summary for 


these calculations is: 


Model R Re 
R 6.74% 9.1132 
S 5.87% 8.05% 


A tabulation of the observed and calculated structure amplitudes 
for the correct parameter set is given in Table 10 and shows that in all 
but three cases the observed and calculated |F(k)[-|F(k)| differences 
agree with regard to sign. 

Having thus established the correct chirality, it became possible 


to concentrate on only one parameter set. The intraion hydrogen-bonded 
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TABLE 10 


Observed and calculated structure factor amplitudes 
for the hk&/hk& Friedel pairs used to determine the 
absolute configuration of (+)-Chlorpheniramine maleate. 
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hydrogen atom was found to occur, in its expected position and at a peak 
: aot ae : 

height of 0.25 e/A~, in a difference electron density map computed on 
the basis of the correct set of parameters at the termination of the 
parallel refinement. The next four least-squares cycles employed the 
contributions from all atoms, but the Beso terms for the hydrogen atoms 
were invariant as was the y coordinate of the chlorine atom. Relaxa- 


(54) 


tion factors of 0.7 were applied to the indicated parameter shifts 
for each of these cycles. Although the third and fourth cycles 
resulted in only small reductions in THe. the lack of convergence was 
indicated by the magnitude of the shifts, which varied between 1% and 
75% of the associated estimated standard deviation, and by the almost 
perfect oscillation of the shifts. Convergence was forced by damping 
out these oscillations with two further cycles using relaxation factors 
of 0.5 and 0.4 for the first and second of these respectively. The 
final weighted and unweighted R factors over the 1674 included data 
were 6.64% and 5.02% respectively. 

A listing of the observed and calculated structure amplitudes based 
on the final model is presented in Table 11. The positional and 


thermal parameters used to describe the final model are given in Tables 


Peo andar. 


Results and Discussion 
Those atomic parameters listed above were used with the independent 
atom method of Ahmed et Ae in the derivation of molecular bond 
distances and angles. The distances and angles involving non-hydrogen 


atoms are shown in Figure 7 which also presents the numbering scheme and 
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TABLE 11 


The observed and calculated structure factor amplitudes, 
x 10, and the phase angles for (+)-Chlorpheniramine maleate. 
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TABLE 12 


Atomic positional parameters (x 10") for the 
non-hydrogen atoms of (+)-Chlorpheniramine maleate. 


Atom x/a y/b Z1C 

Ck 855 (3) 5000 (0) 297212) 
C(1) 2561 (9) 5639 (3) 3765 (5) 
C (2) 4515 (9) 5867 (3) 3269 (4) 
eC) 5829 (7) 6374 (2) 4031 (4) 
c (4) 5286 (6) 6672 (2) 5278 (3) 
C (5) 3301 (6) 6427 (2) 5735 (4) 
C (6) 1991'(7) 5908 (3) 4985 (5) 
Gty) 6818 (5) 7220 (2) 6120(4) 
c (8) 7665 (5) 7053(2) 7808 (3) 
C(9) 9432 (6) 7549 (2) 8661 (4) 
N(1) 10838 (4) 7284 (1) 10133 (3) 
Cc (10) 9339 (6) 7063 (2) 11156 (4) 
C(11) 12632 (6) 71122) 10887 (5) 
Oe 5559 (6) 7878 (2) 5858 (4) 
G02") 6025 (10) 8315 (2) 4798 (5) 
es 4802 (15) 8901 (3) 4565 (6) 
C(4') 3171 (11) 9044 (3) 5376 (7) 
Ge) 2843 (11) 8591 (3) 6436 (10) 
N(6') 4003 (8) 8022 (2) 6669 (6) 
0(1) 13788 (4) 6330(1) 9640 (3) 
0(2) 10807 (4) 5632 (1) 8940 (4) 
0 (3) 10289 (4) KL} (1) 8735 (5) 
0 (4) 12565 (6) 3591 (1) 8769 (6) 
Cm (1) 13011 (5) 5770(1) 9293 (3) 
Cm(2) 14808 (5) 5247(1) 9294 (4) 
Cm (3) 14525 (5) 4599 (2) 9148 (5) 
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TABLE 14 


Atomic parameters (x 103) for the hydrogen 


atoms of (+)-Chlorpheniramine maleate. 


Atom x/a y/b Zz/c 

H(1) 1127(5) 706 (2) 1000 (3) 
H(2) 469 (8) 559 (2) 263 (5) 
H(3) 700 (7) 652 (2) 370 (4) 
H (5) 309 (6) 657 (2) 659 (4) 
H (6) 90 (7) 581 (2) 532 (4) 
H (7) 821 (6) 728 (2) 558 (4) 
H(81) 643 (5) 700 (2) 823 (3) 
H (82) 794 (5) 668 (1) 795 (3) 
H(91) 1053 (6) 762 (2) 790 (3) 
H (92) 864 (6) 795 (2) 890 (3) 
H(111) 1338 (6) 792 (2) 1001 (4) 
H(112) 1334 (7) 766 (2) 1180 (4) 
H(113) 1174 (6) 819(2) 1115 (4) 
H(101) 840 (6) 667 (2) 1062 (4) 
H(102) 866 (6) 741 (2) 1167 (4) 
H (103) 1042 (6) 698 (2) 1197 (4) 
H(2') 692 (7) 812 (2) 413 (4) 
roe) 532 (6) 926 (2) 387 (4) 
H (4!) 248 (6) 948 (2) 528 (4) 
H(5') 146 (6) 873 (2) 712 (4) 
Hm (1) 1034 (6) 486 (2) 857 (3) 
Hm (2) 1640 (6) 538 (2) 966 (3) 
Hm (3) 1582 (7) 429 (2) 916 (4) 
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FIGURE 7 


Bond distances and angles for the non-hydrogen atoms 
of (+)-Chlorpheniramine maleate. 
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ta 


62. 
the atomic coding used in this work. Comparable molecular parameters 
for the hydrogen atoms are to be found in Table rot Using X to denote 
a carbon, nitrogen or oxygen atom, then the e.s.d's in the distances 
CX-X, X-X and H-X average 0.005, 0.005 and 0.03A respectively. Error 
estimates for the angles C2-X-X, X-X-X, X-X-H, H-X-H and X-H-X average 
(MnO 453-0, 320-and) 3.7" “respectively: 

In keeping with the procedure adopted for d&-Brompheniramine maleate, 
only the structure of the protonated (+)-Chlorpheniramine entity will be 
discussed in this section. 

Other authors have shown that the chlorine-aromatic carbon bond 
distance has a preferred magnitude of 1.737 (16)A in cases where the 
halogen atom is untdatent 72320527). The value of 1.748(5)A obtained 
for the present compound is insignificantly different from this expected 
value and supports the conclusions in the above citations that Sutton's 
1.70(1)A is an underestimate. 

The phenyl ring of this compound is planar, Ae = 8.8, with no member 
of this grouping displaced more than 0.01A from the plane with equation 
-0.4624x + 0.6535y - 0.5992z - 5.1817 = 0. The ring, however, does 
exhibit several distortions from ideality; of the six intra-ring 
C :+:: C bonds, three are within 0.005A of 1.3944 and a fourth is within 
30 of this accepted Stine? However, the C(1)-C(6) and C(2)-C (3) 
bonds are both abnormally short, being 1.350(5) and 1.369(5)A respec- 
tively. An inspection of the thermal vibration ellipsoids of the atoms 
C(2), C(3) and C(6) reveals that the principal axes of vibration are not 
perpendicular to the plane of the benzene ring (see Figure 8) as would 


be expected for this rigid body. In situations where the major compon- 
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TABLE 15 


Distances and angles involving the hydrogen atoms 
of (+)-Chlorpheniramine maleate. 


C (2)-H (2) 
C(3)-H (3) 
C(5)-H(5) 
C (6)-H(6) 
(21 Jeni 24) 
€(3}JEh434) 
C(4')-H(4') 
C(S)JERKS*) 
C(7)-H(7) 
C (8)-H(8') 
C (8)-H(82) 
€(9)-H(91) 


(a) Distances* 


(b) Angles* 


(i) The p-chlorophenyl system 


ere (2 yeti2) 
C:(3)=6(2}>H(2) 
Gi2)-C (iH (3) 
C(4)-0(3)=H (3) 


C(4)-C (5)=H(5) 
€(6)-¢(5)-H(5) 
C(5)-C (6)-H(6) 
C(1)-c (6)-H(6) 


104° 
136 
118 
Wg 
Tete 
122 
114 
126 


C(9)-H(92) 
N(1)-H(1) 
C(10)-H(101) 
C(10)sH (102) 
C (10)-H (103) 
C(11)-H(111) 
C(12)-H(112) 
C(12)-H(113) 
Cm(2)-Hm(2) 
Cm (3) -Hm (3) 
0 (3)-Hm 
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(ii) The pyridyl system 
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Table 15 (Continued) 


C(4)—¢ (7) -Hi7) 

GC yeC 7 - HZ} 
ECS) oG sen) 

C (7)-C (8)-H(81) 
€(7)=C (8)-H (82) 
€(9)-€(8)-H(81) 
C (9)-C (8)-H(82) 
H(81)-C (8)-H(82) 
C (8)-C (9)-H(91) 
C (8)-C (9)-H(92) 
N(1)-C (9)-H(91) 
N(1)-C (9)-H(92) 

HS] )=C(9) 5H (92) 
C(9)-N(1)-H(1) 


(iii) The aliphatic portion 


106° C(10)-N(1)-H(1) 

103 C(11)-N(1)-H(1) 

114 N(1)-C(10)-H(101) 
112 N(1)-C (10)-H(102) 
113 N(1)-C (10)-H(103) 
114 A(IO1)=C (10 )}- HU 02) 
118 H(101)-C (10)-H(103) 
85 H(102)-C (10)-H(103) 
100 N(1)-C(11)-H(111) 
lehe2 N(1)-€ (11) -H(112) 
11 N(1)-C (11)-H(113) 
106 H(111)-C (11)-H(112) 
115 H(111)-C(11)-H(113) 
106 H(112)-C (11)-H(113) 


(iv) The maleate ion 


0 (2)-Hm-0 (3) Loe 
Cm(1)-Cm(2)-Hm(2) 115 
Cm(3)-Cm(2)-Hm(2) 114 
Cm(2)-Cm(3)-Hm (3) 124 
Cm(4)-Cm(3)-Hm (3) 104 


“ Standard deviations average 
0.03A for these distances and 
3.0° for the angles. 
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65: 
ent of the atomic vibration is not aligned with the direction of least 
constraint (usually perpendicular to the bond directions), it is probable 
that the atom is not being described in a meaningful way. Such poor 
descriptions can arise from the refinement of a structure using data 
containing uncorrected errors such as those of extinction and/or 


(78). 


absorption As mentioned above on page 50, serious errors arising 
from secondary extinction effects were largely eliminated by excluding 
five reflections of high intensity and small scattering angle from the 
final stages of the refinement. 

Making the reasonable approximation that the crystalline specimen 
used was a cylinder with mean radius 0.14 mm, the value of ur is seen 
to be 0.26. For this crystalline shape and value of ur the absorption 
correction factor which must be applied is essentially invariant with 
scattering angle, being 1.55 and 1.52 at 6 = 0° and 60° BEE Sir ear 
This calculation is only valid, however, if the cylindrical axis remains 
perpendicular to the scattering vector, a situation which is achieved 
only in zero layer rotation or Weissenberg photography and on the 
diffractometer at y = 0°. Since y varied over a large range during the 
data collection, and because the length of the cylindrical crystal was 
approximately twice its diameter, the implication is that the effects of 
absorption may be a significant contributor to inaccuracies in the final 
model. 

Another, little recognised, area where an inaccurate description of 
a structure may arise is in the refinement process. Srinivasan has 


shown that very large correlations are to be expected when non-centro- 


symmetric structures containing centrosymmetric atomic groupings are 
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66. 
refined using least-squares geshivtauds }4x and that the neglect of these 
terms in a block-diagonal situation is not warranted. An example where 
refinement of the same structure using both full-matrix and block- 
diagonal procedures led to differences of up to 0.097A in atomic position 
has been provided by Parthasarathy, Sime and spwakmaen 2h thus illustra- 
ting that the block-diagonal approximation can lead to serious discrep- 
ancies between the ''true'' structure and the final model. 

In the present case, there are two important centrosymmetric group- 
ings, viz. the phenyl and pyridyl rings, both of which surround the real- 
Space 2) screw axis at 4-y-+ (refer to Figure 6). In light of the above 
comments, it may be expected that the existence of these features would 
present some problems in the refinement and perhaps lead to a final model 
which, in so far as the phenyl and pyridyl rings are concerned, may not 
be correct. Rae and Maslen have shown that neither full-matrix least- 
squares nor Fourier refinement procedures can be expected to alleviate 


(81) 


these problems and so we must accept the present structure with its 
limitations on the accuracy of the two rings. 

The fact that the deviations from ideality are not gross may be 
taken as evidence that neither one of these groupings dominates the 
scattering to an extent that would make the above effect important enough 
to force complete failure of the block-diagonal least-squares refinement. 
It may be, however, that at least part of the reason for the initial 
failure of the absolute configuration assignment may be ascribed to this 


cause, and so this example could possibly serve as another ''cautionary 


tale'' of block-diagonal refinement in acentric space groups. 
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67. 

The good planarity of the pyridyl ring is indicated by the oh 
value of 11.3 and by the fact that the maximum exoplanar displacement 
of a ring atom is 0.01A from the plane with equation -0.5736x - 

0.431 ly - 0.6955z + 11.6439 = 0. 

One view of the molecule which indicates that the benzyl and 
pyridyl rings adopt a similar conformation to those in d%-Bromphenira- 
mine is given in the stereoscopic Figure 8. The dihedral angle 
between these two planes is 113.6° and the torsion angles C(6)-C(4)- 
C(7)-C(8) and N(6')-C(1')-C(7)-C(8) are 53.7° and -43.4° respectively. 
It will be noticed that although these angles are similar in magnitude 
to those of the previous structure they are opposite in sign. This 
is because the two molecules under consideration have opposite absolute 


configurations. 


FIGURE 8 


A stereo pair of the (+)-Chlorpheniramine maleate complex. 
The correct S$ absolute configuration is shown. The two 
upper carbon atoms of the benzene ring are C(2) and C{3)% 
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68. 

The bond distances and interbond angles for the alkylamine chain 
of (+)-Chlorpheniramine maleate are not significantly different from 
those obtained for d&-Brompheniramine maleate. In both cases the 
C-C-C angles at C(8) and C(9) are significantly greater than the tetra- 
hedral value of 109.5°, and the C(8)-C(9) bonds are shorter than the 
1.54A expected here. One obvious explanation for these results would 
be in terms of partial double bond character for the C(8)-C(9) bond. 
However, because all of C(7), C(8), C(9) and N(1) have four substit- 
uents, it is difficult to justify the invocation of this explanation. 
The opening of the bond angles at C(8) and C(9) would tend to increase 
the C(7)-N(1) separation, whereas the bond shortening would decrease 
this distance. Because of these facts, and also because the fully 
extended alkylamine chains are not subjected to any apparent end-on 
forces, these observations must have their genesis in some electronic 
effect which is not understood at this time. 

The alkylamine chain is again oriented unsymmetrically with 
respect to the two aromatic rings (refer to Figure 8). lt this’ ease, 
however, it is the 2-pyridyl ring which is partially obstructed by the 
dissymmetry and the p-chlorophenyl ring is exposed. In the previous 
structure, nitrogen atom N(1) was found to be 6.212A from the centroid 
of the exposed pyridyl ring and 5.568A from the centroid of the phenyl 
system. In the present case, the alkylamine basic centre is 6.154A 
from the centroid of the exposed ring (p-chloropheny 1) and 5. 402K from 
the occluded 2-pyridyl moiety. The similarity of these numbers is 


striking, and if the identity of the aryl systems is ignored, Figures 
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69. 
4 and 9 reveal that d&-Brompheniramine maleate and (+)-Chlorpheni ra- 
mine maleate adopt very similar solid state conformations; this 


point will be discussed further in a later section. 


FIGURE 9 


A drawing of the (+)-Chlorpheniramine maleate structure 
viewed down the C(9)-C(8) bond direction. The atomic 
coding is consistent with that of Figure 4 (page 41). 


It may be thought that the presence of the aromatic rings around 
a 2) screw axis would imply that 7 electron overlap between symmetry 


related molecules might be a significant binding force which stabil- 
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jo: 
ises the solid state structure. That the plane of the phenyl] ring 
of one molecule is approximately parallel to the plane of the pyridyl 
ring of a symmetry related molecule is evident from a study of the 


stereoscopic packing diagram presented as Figure 10. The closest 


FIGURE 10 
A stereoscopic packing diagram of several 


(+)-Chlorpheniramine maleate molecules 
viewed parallel to a*. 


approach of non-hydrogen atoms is 4.010A between C(L).of,.the p= 
chlorophenyl ring and C(4') of the pyridyl ring in another molecule. 


The chlorine atom is separated by 4. 190A from the centroid of the 


aromatic base's 7 electron system. These distances are both signi- 


ficantly greater than the appropriate Van der Waals radius sums, and 
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so no specific interactions can be said to occur. 

The maleate mono-anion is involved in two interactions which 
contribute to the stability of the solid. The first of these is 
the hydrogen bond between N(1) 
and 0(1). The distance N(1)- 
0(1) is 2.689(3)A, angle N(1)- 
H(1)----O(1) is 164(4)°, and the 
bond angle at the acceptor atom 
is 117.0(8)°. |The second bonding 
force is between oxygen 0(4) and 
the 'umbrella!' of CH, and cH, 
groups bonded to N(1) which sits 
over this oxygen. The carbon- 
oxygen distances involved are 3.55, 
3230 sand Both respectively for 
C(9), C(10) and c(11). The chain 
of polar and Van der Waals type 
bonding forces which runs up the b 


axis. 1s illustrated tn, Figure.) 1. 


FIGURE 11 


The chain of polar and non-polar bonding 
interactions involving the maleate ion. 


The (+)-Chlorpheniramine maleate sample used in this work was 


kindly supplied by Dr. J.G. Topliss of the Schering Corporation, Bloom- 


field, New Jersey, U.S.A. 
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125 
1.4 TRIPROLIDINE HYDROCHLORIDE MONOHYDRATE 


Experimental 

A crystalline sample of this compound was supplied by Dr. A.F. 
Casy of the Faculty of Pharmacy at this University. The specimen 
originated from Burroughs Wellcome and Company (Canada) Ltd., and was 
from the batch with analysis number 31104. Recrystallization was 
achieved by cooling a warm solution of the compound in anisole. The 
space group and initial measurements of the lattice parameters were 
determined photographically and the crystal then aligned on the dif- 
fractometer in the manner appropriate for a monoclinic lattice mounted 
down a non-unique axis. The refined cell parameters and some other 
physical data are given in Table 16. 

During the preliminary photography it was observed that the tend- 
ency of these crystals to become rose-coloured on standing in air was 
greatly enhanced by X-irradiation. To minimise the effects of any 
attendant decomposition due to the X-rays, the total exposure time was 
kept as short as possible by: 

Cin} Choosing the fastest 6/26 scan speed available, i.e., 

Z2-/minvin 26. 

(ii) Decreasing the basic scan width to barely accommodate the 

reflections. This width was 1.3° in 26 and was modified as a 

function of 6 to cope with the dispersion of the Cu KY Aohler ns 
(iii) The fixed position background counts on either side of the 
reflection were taken for 4 seconds each. 


(iv) Firstly measuring those reflections with 26 < 100° and then 
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73. 


Some physical constants and other quantities 
relating to Triprolidine hydrochloride mono- 


hydrate. 


formula 


molecular weight 


M.P. (Thomas Hoover, uncorrected) 


MeP. (lit.) 82? 


Space group 


a 


Zz 


Obras (Dioxane/Bromobenzene) 


Peale 
u (Cu K ) 

a 
crystal size 
28 range explored 
no. unique reflections 
no. observed reflections 
no. variable parameters 
ratio observations/parameters 
final unweighted R 
final weighted R 
mean sigma in C-C bond 


mean sigma in C-C-C angle 


Cy gta gCtNp0 
332.88 Daltons 
112-115°C 
116-118°C 
P2,/c 
14.777(2)A 
9.5785(8)A 
13.099(1)A 
-0.0082 (2) 
90.48(2)° 
1854. 02A° 

h 


1.202 (4) gm/cm? 


Wei.92 gm/em? 


16.68 eae 


0.20 x 0.25 x 0.30 mm 


leslie Oi 

3128 

2516 (80% of total) 
282 

8.92 

5.06% 

7.692% 

0.003A 
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74. 
examining the region of reciprocal space with 100 Se 20am eo ae 

As well as these stratagems, the amount of radiation falling on 
the crystal was diminished by rarnouea incident beam graphite mono- 
chromator. 

Despite the colouration of the crystal, which became progressively 
more severe as the intensity collection proceeded, the monitor reflec. 
tions had shown only insigificant intensity changes at the end of the 
low 8 data set and were still 98% of their original value at the end of 
the entire data collection. Of the 1911 reflections measured in the 
first part, 1716 (89%) satisfied the observed/unobserved criteria that 
the net counts should not be less than the smaller of 95 counts or 60% 
of the total background for that reflection. These selection para- 
meters correspond to a limiting fractional error in the net intensity 
of approximately 0.33. In a similar manner 2516 (80%) of the 3123 
reciprocal lattice points comprising the full set were considered 
observed. 

The Lorentz and polarization corrections as appropriate to the 
normal-beam-equatorial geometry of the FACS-1 system with partially 
polarized incident X-radiation were a ooiredae During this data 
reduction process, minor intensity variations in the data were accommo- 
dated by applying a reflection number dependent scale factor. This 
scale factor was derived from the periodic measurements of three moni- 
tor reflections according to the procedure of Ahmed et Se 
Observational weights were calculated according to the procedure given 
above (page 19) and stored with each reflection. 


Structure solution was achieved without difficulty by means of the 
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75. 
Patterson synthesis, and a nrogramica. written to apply the symmetry 
minimum technique of Simpson et ee Refinement of the initial 
model by difference Fourier and least-squares methods resulted in 
weighted (observational weights) and unweighted R factors of 7.38% and 
4.67% respectively for the observed reflections of the low @ data set. 
These discrepancy indices have the values 7.69% and 5.06% for the 2516 
observed data of the complete set. During the least-squares part of 
this refinement the temperature parameters for the hydrogen atoms were 
held constant at the final isotropic value of the heavy atom to which 
they were bonded. Scattering factor tables for the non-hydrogen atoms 
were derived from the analytical coefficients of Cromer and Mann (tees 
and were corrected for the effects of anomalous dispersion by the terms 


BippeesO:055, ty, = 0r036, Af! = 0-021) Apt, — 02375 and apres 


Cx 
0.685 (99). The hydrogen atom curve used was that of Stewart, Davidson 
and Sinpsan eso 

Experience with other compounds, in both centric and non-centric 
space groups, had shown that the indiscriminate use of the relaxation 


(54) 


factor series of Hodgson and Rollet can lead to divergence of the 
refinement when used with the single-atom-block block-diagonal proced- 
ure, In particular, and independent of the stage of the refinement, 
the use of relaxation factors greater than unity is correlated with 
large increases in rwAt! Continued use of the method does not, in 
this author's experience, result in a lowering of ae sufficient to 
overcome the increase previously induced. To obviate this difficulty, 


relaxation factors greater than unity were replaced by 0.7, and to 


remove terminal oscillations in the model the final four cycles were 
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76. 
calculated using shift multipliers of 0.5, 0.6, 0.8 and 0.5 respectively. 
The set of atomic parameters and their e.s.d's obtained from the 

final least-squares cycle using the complete data set are contained in 
Tables 17, 18 and 19. The observed structure amplitudes and the struc- 


ture factors calculated from the final model are listed in Table 20. 


Results and Discussion 

The positional parameters for the atoms of this structure were used 
to calculate the interatomic bond distances and interbond angles. These 
molecular parameters for the non-hydrogen atoms are displayed, together 
with the numbering scheme and the atomic coding, in Figure 12. Distances 
and angles involving the hydrogen atoms are to be found in Table 21. 
Using X as before to denote aC, N or O atom, the e.s.d's in the distances 
C2-X, X-X and H-X average 0.003, 0.003 and 0.03A respectively. The 
angles X-X-X, H-X-X, C2-H-X and H-X-H have average error estimates of 
0.2, 1.6, 2.3 and 2.5° respectively. |The same method as was used prev- 
iously (page 33) was adopted for the calculation of the e.s.d's. 

Bond distances within the benzene ring average 1.3844 and the four 
C zs::s C bonds of the pyridyl ring average 1.3784, the associate error 
estimates being 0.011A in each case. For deriving these e.s.d's the 
formula given below for the error estimate in a simple average was used 


because it was felt that this method yielded realistic estimates of these 
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The values of 0.0012 and 0.0015A for the error estimate in these averages, 
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Atom 


Cx (1) 
0(1) 
N(10) 
C7) 
c (8) 
cg) 
oth) 
C(tZ) 
C (13) 
C (14) 
GCP) 
N(2') 
3m) 
C(4') 
Calg: 
Gt6.) 
CU) 
C (2) 
C (3) 
c (4) 
AG) 
C (6) 
C (15) 


x/a 


8588 (1) 
9295,(2) 
8699 (1) 
6549 (2) 
92222) 
8186 (2) 
8350 (2) 
o2an3) 
9953 (2) 
9682 (2) 
5623 (2) 
5397 (1) 
4581 (2) 
3957 (2) 
4190 (2) 
5024 (2) 
6703 (2) 
7330 (2) 
7438 (2) 
6930 (2) 
6305 (2) 
6197 (2) 
7016 (2) 


TABLES U7 


Positional parameters (x 10") for the non-hydrogen 
atoms of Triprolidine hydrochloride monohydrate. 


y/b 


921 (1) 
-1451 (3) 
2169 (2) 
559(3) 
1069 (3) 
1201 (3) 
3630 (3) 
4461 (4) 
3675 (4) 
2287 (3) 
480 (3) 
1443 (2) 
1343 (3) 
344 (3) 
-641 (3) 
-572 (3) 
73) 
-1030 (3) 
- 1580 (3) 
-1119(3) 
-48 (3) 
480 (3) 
-1778 (4) 


Z/c 


70211) 
910 (2) 
1476 (2) 
2359 (2) 
1799 (2) 
2140 (2) 
1447 (3) 
1181 (4) 
Tso) 
1749 (2) 
1923 (2) 
12Ir@) 
794 (2) 
1014 (2) 
1742 (3) 
2201 (2) 
3412 (2) 
3610 (2) 
4580 (2) 
5382 (2) 
5198 (2) 
4233 (2) 
6415 (3) 
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TABLE 18 


Thermal parameters (x 107) describing the 
atomic vibration of the atoms in Table 17. 


351 (3) 
446 (9) 
188 (5) 
196 (6) 
206 (7) 
207 (7) 
258 (8) 
a32(01 ) 
236 (8) 
189 (7) 
190 (6) 
215 (6) 
236 (7) 
219 (7) 
227 (8) 
2157) 
178 (6) 
204 (7) 
226 (7) 
266 (8) 
244 (7) 
Z1247) 
363 (10) 


619 (4) 
477 (9) 
247 (6) 
178 (6) 
256 (7) 
313 (8) 
275 (8) 
338 (12) 
B77 (11) 
310 (9) 
181 (6) 
248 (6) 
285 (8) 
336 (10) 
266 (8) 
240 (7) 
197 (6) 
213(7) 
217(7) 
246 (8) 
279 (8) 
234 (7) 
393 (10) 
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21 (2) 
527 (10) 
187 (5) 
194 (7) 
192 (7) 
212 (8) 
377 (10) 
932 (24) 
501 (13) 
268 (8) 
192 (7) 
227 (6) 
271 (8) 
293 (9) 
344 (10) 
247 (8) 
194 (7) 
223 HH) 
237 (7) 
192 (7) 
207(7) 
232 (7) 
278 (9) 


6 (2) 
S37) 
-6 (4) 
22(5) 
0(6) 
-27 (6) 
L547) 
-67 (9) 
- 86 (8) 
-8 (6) 
2345) 
29 (5) 
56 (6) 
39 (6) 
-35(6) 
-9 (6) 
-10(5) 
2(5) 
-3 (6) 
-67 (6) 
- 38 (6) 
24 (6) 
-92 (8) 


-hh (2) 
45 (8) 
16 (4) 
-1(5) 
35 (6) 
53 (6) 
41 (7) 

244 (13) 
54 (10) 

0(7) 

“3459 
14(5) 
25 (7) 

=7AN 79 

-64(7) 

6 (6) 
7(5) 
-4 (6) 
37 (6) 
33 (6) 
-12(6) 
8 (6) 
73 (8) 


These coefficients are defined on page 24. 


-21 (2) 
55\- 
9 (4) 
11 (5) 
0(5) 
10 (6) 
727(7) 


78 


=36 (15) 


0 (8) 
-7 (6) 
17(5) 
=10(59 
=25 (6) 
=22 (6) 

38 (7) 

15 (6) 

5 (5) 
16 (6) 

- 38 (6) 
-16 (6) 
35 (6) 
16(6) 
-45 (8) 
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Positional and isotropic vibration parameters (x 103) for 
the hydrogen atoms of Triprolidine hydrochloride monohydrate. 


Atom 


H(10) 
H(8) 
H(3') 

H (4!) 

H(5 5) 

H(6') 

H(2) 

H (3) 

H(5) 

H(6) 

H(91) 

H(92) 

H(111) 

H(112) 

H(121) 


H(151) 
H(152) 
HA 153) 
WH (1) 
WH (2) 


x/a 


868 (2) 
706 (2) 
448 (2) 
334 (2) 
377 (2) 
B21 (2) 
767 (2) 
787 (2) 
587 (2) 
580 (2) 
848 (2) 
819(2) 
818 (2) 
787 (2) 
908 (2) 
905 (2) 
1043 (2) 
1043 (2) 
974 (2) 
997 (2) 
714 (2) 
754 (2) 
650 (2) 
903 (2) 

-1 (2) 


TABLE 19 


y/b 


185 (3) 
144 (2) 
198 (3) 
34 (3) 
raled 7e(3)) 
-123(3) 
-133 (3) 
-234 (3) 
30 (3) 
108 (2) 
31 (3) 
163 (3) 
382 (3) 
367 (3) 
536 (3) 
478 (4) 
363 (4) 
402 (3) 
229 (3) 
146 (3) 
-110(3) 
- 186 (3) 
-218(3) 
-95 (3) 
-129 (4) 


z/c 


91 (2) 
109 (2) 
33 (2) 
66 (2) 
189 (2) 
266 (2) 
31512) 
463 (2) 
568 (2) 
416 (2) 
205 (2) 
278 (2) 
218(2) 
99 (2) 
128 (2) 
61 (3) 
81 (3) 
167 (2) 
246 (2) 
149 (2) 
688 (2) 
656 (2) 
662 (2) 
38 (2) 
80 (3) 


mf. 


114 


106 


233393 |t 
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(8) HW 


TABLE 20 


The observed structure amplitudes and calculated structure factors 
based on the final model for Triprolidine hydrochloride monohydrate. 
Excluded reflections are marked with an asterisk. These amplitudes 
have been scaled by a factor of 10.0. 
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FIGURE 12 


Bond distances and angles for the non-hydrogen 
atoms of Triprolidine hydrochloride monohydrate. 
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TABLE 2] 


A listing of the bond distances and angles involving the 
hydrogen atoms of Triprolidine hydrochloride monohydrate. 
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Table 21 (Continued) 


C(7)-c (8)-H (8) 
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Estimated standard deviations average 0.03A 


for the distances and, except for H-X-H, 1.6° 


for the angles. 
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obtained from the formula of Sutton 55) are almost certainly spuriously 
low. Using these former standard deviations, it may be seen that no 
Statistical significance can be attached to the apparent shortening of 
these C ss:: C€ bonds. Bond angles and distances for the 2-pyridy] 
ring are contained in Table 8 (entry #3) and may be seen to conform 

to the generalisations derived from this tabulation. 

The phenyl and pyridyl rings are individually planar with eC 
values of 41.8 and 3.9 respectively. The maximum deviation of a def- 
ining atom from the phenyl plane, equation -0.6958x - 0.6892y - 

0.20242 + 7.7804 = 0, is 0.008A. In the case of the pyridyl ring, the 
maximum displacement is 0.003A and the plane is defined by the equation 
02 3797x)- "0. S862y0-10.71572427 14.072 79=n0. These two planes have an 
interplanar dihedral angle of 106.5°. Despite the similarity of this 
quantity with the interaryl dihedral angles in the previous two struc- 
tures (103.6° and 113.6° for d&-Brompheniramine maleate and (+)-Chlor- 
pheniramine maleate respectively), Figure 13, which is a projection of 
the structure down the C(9)-C(8) bond direction, shows that only the 
pyridyl ring in the present compound is similarly arranged with respect 
to the alkylamine chain. Torsion angles about the ring to double bond 
linkages are given by N(2')-C(1')-C(7)-C(8) = 29.7° and C(2)-C(1)-C(7)- 
(8) e455 53. In this case it will be noticed that these angles both 
have the same sign and the ''butterfly wing'' arrangement of aromatic 
rings observed for the Pheniramines is not evident here. This point 
will be discussed later. 

The presence of a double bond between C(7) and C(8) forces coplan- 


arity of the atoms C(1), C(1'), C(7), C(8), C(9) and H(8). A least- 
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FIGURE 13 


A view of the Triprolidine hydrochloride structure 
viewed in the C(9)-C(8) bond direction. 


squares plane defined by the positions of these six atoms was determined 
to have equation 0.1913x - 0.9107y - 0.3661z - 0.2405 = 0, x2 = 54,5, 
and maximum displacement of a defining atom of 0.036A for H(8). 

Of the two aromatic systems, the pyridyl ring is more nearly co- 
planar with the ethylenic system than is the p-tolyl function, the di- 
hedral angles between the appropriate planes being 29.7° and 55.3° 
respectively. This finding is in agreement with the substance of those 
results obtained by Adamson et Bra A) and may have been predicted on 
steric grounds. The serious overcrowding involved in the close 
approaches of hydrogen atoms is evident when attempt is made to build a 
coplanar cis Ph/CH,, ethylene system from CPK space filling models. The 
lack of an ortho hydrogen substituent on the 2-pyridyl moiety and the 


fact that the cis substituent to the aromatic base is hydrogen permits 
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88. 
this greater approach to coplanarity of the pyridyl and ethylenic systems. 
The fact that the coplanarity is not perfect is probably a result of 
steric interference between H(8) and the unshared electron pair on the 
heterocyclic nitrogen; evidence for this comment being derived from 
the 2.47(3)A distance between the pyridyl nitrogen and H(8), and the 
fact that the closest approach expected on a Van der Waals radii basis 
is 2.78 (67), It is possible that intermolecular base stacking inter- 
actions (see page 92) may be partially responsible for this 29.7° devi- 
ation from coplanarity, but it is felt that the above-mentioned effect 
is probably more important in this regard. 

The two bond lengths C(7)-C(1) (1.496(3)A) and C(7)-c(1') (1.482 
(1.482(3)A) differ by 0.014A, the distance from the ethylenic system to 
the more nearly coplanar pyridyl ring being the shorter of the two. 

That the 29.7° torsion angle about the C(8)-C(7)-C(1')-N(2') bond pre- 
cludes extensive 7 electron overlap between these two systems is 
indicated by this small difference and the fact that the 1.334(3)A 
bonding distance between C(7) and C(8), is just that expected for an 
isolated C= =—C bond a2) 


That significant shortening of the bond joining an aromatic system 
to a coplanar exocyclic double bond is expected may be inferred from 
the crystal structure analysis of the compound illustrated payaruceee 
The dihedral angle between ring A and that of the methy lene-oxo- 


azetidinium system is 6° and the linkage between these two units is 


1.450 long. Comparable figures for ring B are 89.5° and isis respec- 


tively. 
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(XVII) a-1- (p-bromopheny1) pheny Imethy lene- 
3-oxo-1,2-diazetidinium inner salt 
As with the previous two antihistaminic drugs studied here, the 
conformation about the C(8)-C(9) bond is trans. In the present case 
the N(10)-C(9)-C(8)-C(7) torsion angle is 162.5° (refer to Figure 13). 
The tetrahydropyrrolidino structural feature as a whole is not 
planar, although the four carbon atoms do define a good plane with a e 
value of 32.5 and equation -0.0575x - 0.3633y - 0.9299z + 3.7422 = 0. 
The largest displacement of a defining atom is 0.02A from this plane, 
but nitrogen N(10) is 0.455A out of the plane. Although there are 
serious difficulties to be faced in defining a simple and widely appli- 
cable terminology for use in describing the conformation of cyclic sys- 
tems, in this case it seems reasonable to adopt the ''E"' (enveiore ee 
designation for this ring. An alternative description, although one 


that tends to obscure the essence of the conformation, may be given in 
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terms of the torsion angles about the five bonds of this system. These 
forstoneangles alee NUIOJ OCI) "C llc) C lls) =eloel 4 Cun ec tiem ents i 
CH je = 225 ge (2) C113) -C Ia N CTO) =e 20) Tee C1 Ss) 01 een 1) 

C(IT) = 30.0°, and C(714)-N(10)-C(11)-€(12) = =2876°° 
The centres of symmetry are again in this structure the loci of 
important intermolecular bonding interactions. Figure 14 portrays the 


immediate environment of those centres equivalent to that at the origin. 
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FIGURE 14 


A drawing showing the immediate environment of 
one class of inversion centres in the crystals 
of Triprolidine hydrochloride monohydrate. 
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The water molecule is involved in ‘two hydrogen bonds with chloride ions 
and each chloride ion is hydrogen bonded to two waters as well as the 
protonated nitrogen atom of the tetrahydropyrrole ring. This cluster 
of polar bonding forces is instrumental in linking together the various 
molecules of this structure, and may be seen in the stereoscopic Figure 
(Gr ore See C2 bond is 3.094(3)A in length and has an angular 
deviation from linearity of 1°4' at the hydrogen atom. The distances 


and angles describing the 0——H----- C2 bonds are given in Figure 15. 


FIGURE 15 
A stereoscopic pair packing diagram for 
Triprolidine hydrochloride monohydrate. 
The completely filled valence electron shell of a chloride ion has three 
mutually orthogonal p orbitals and it may be expected that these three 


hydrogen bonds would have interbond angles near 90° at the chloride ion. 
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92. 
The angles N(10)-C2-0(1), N(10)-C2-0(1)', and 0(1)-C2-0(1)! (where 0(1)! 
is the symmetry equivalent atom to 0(1)) are 70°78', 88°42' and 81°78! 


respectively. A chloride ion has an effective radius of 1 and 
the Van der Waals radius of a hydrogen atom is 1.22667) | On the basis 
of these figures the expected non-bonded separation of these atoms is 
~3.0A. The actual distances are aac ay 2.40(3)A and 2.14(3)A for 
C2-H(10), C2-WH(2) and C2-WH(1)' respectively, the 70°47' angle at the 
chloride ion being that between the two longer Ci--:-- H distances. 
Inspection of Figure 15 does not reveal any dominant steric repulsion 
which would force the above 20° departure from orthogonality. 

The arrangement of pyridyl rings around the centres of symmetry 
equivalent to that at the centre of the cell represents another inter- 
molecular bonding interaction which contributes to the stability of 
the crystals. The stacking of these aromatic systems is clearly seen 
near the viewer and slightly above the centre of Figure 15. These 
planes are parallel and are separated by 3.466(3)A, the displacement 
of their centroids is 4.004(3)A and closest approach of non-hydrogen 
atoms is the 3.533(3)A between C(3'!) and its inverted equivalent. 

These two interactions are the most easily characterised and prob- 
ably the most important in stabilising the crystalline state, but as 


well as these there are numerous Van der Waals attractions which are 


instrumental in accomplishing this. 


The gift of the sample of Triprolidine hydrochloride monohydrate 


from Dr. A.F. Casy is gratefully acknowledged. 
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1.5 CONCLUSIONS 
The work presented in sections 1.2, 1.3 and 1.4, together with that 


of Clark and Palenik on Histady1 (88) 


» comprise the only four studies of 
antihistaminic drugs which have been pursued by the X-ray crystallo- 
graphic method. Although this is meagre evidence on which to build a 
theory, there are certain similarities among these structures which 
permit some tentative generalisations on antihistaminic activity to be 
made. The structures of some stereochemically constrained antihista- 
mines may be used as corroborative evidence and, where possible, these 
will be introduced. 

For the convenience of the reader, the diagrams which show the 
molecular conformation viewed in the C(9)-C(8) bond direction of the 
three structures determined here, given above as Figures 4, 9 and 13, 
are reproduced again below as Figure 16. Accompanying these diagrams 
are similar views of the two crystallographically independent molecules 
of Histadyl. 

The most immediately obvious similarity between these five species 
is their common trans arrangement of non-hydrogen substituents about the 
bond equivalent to cic, in histamine (1). The proposal that this con- 
formation was a necessary prerequisite for antihistaminic activity was 
noted above (page 7). Evidence given for the proposal at that time 
was from the EHT work of Kier (19) which purported to show that the trans 
eet conformer of the histamine mono-cation was energetically preferred 
over the gauche form. The apparent ability of Triprolidine to mimic 


the assumed form of histamine was cited as supporting evidence. Reason- 


ing on the basis of the trans conformation found for the histamine di- 
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FIGURE 16 


A composite diagram showing five antihistamine molecules 
viewed in the C(9)-C(8) (C_-C.) bond direction. The 
structures labelled a, b and € are Brompheniramine mal - 
eate, Chlorpheniramine maleate and Triprolidine hydro- 
chloride monohydrate, respectively. The two independent 
molecules of Histadyl are denoted d and e. 
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(19) 


(89) 


cation and from the published structure for d&-Brompheniramine 


maleate » as well as from their own work on Histadyl, Clark and Palenik 
have indicated their belief that the trans conformation is necessary. 
fens) however, has pointed out that this reasoning depends on the 
assumptions that, (a) the receptors for histamine and an antihistamine are 
identical, and (b) the receptor-bound conformation of the drug is the same 
as that in solution or in the solid state. This first point seems parti- 
cularly important if it is interpreted to mean that not only do histamine 
and antihistamines compete for the same site, but also that they bind with 
this site in a similar manner. Because of their agonist/antagonist pro- 
perties, it is unlikely that this is strictly true, but the possibility 
that similar binding does occur and that some part of the antihistamine 
blocks the onset of allergic symptoms cannot be discounted. 

Ham went on to show, by pmr studies on four antihistamines with con- 
formationally mobile ~CH,~CH,- alkyl chains, that in three cases approxi- 
mately equal proportions of the trans and gauche forms existed in solu- 
tion, and that in the fourth case the predominating conformation was 
gauche. The implication of this work in relation to the crystallo- 
graphic studies is that antihistaminic drugs need not have a strong pre- 
ference for the trans conformation but that they should be capable of 
assuming this form. 

If it is accepted that binding to the receptor takes place through 
the amino group and the aryl function(s), then the distance between this 
former feature and the aromatic rings should have some measure of con- 


stancy in this class of molecules. An example of a potent antihistaminic 


where these moieties are constrained to be more widely separated than is 
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96°. 
possible for a flexible molecule in a folded conformation is provided by 


; 22 ' 
cyproten cea iee ) CVU T ye In this compound the nitrogen atom is 


N 
CH3 


(XVIII) Cyproheptadine 


(measured on a framework molecular model) ca. 6.3A from the centroids of 
the benzenoid rings. Because this distance can only be approached by 
molecules like the Pheniramines in fully extended form, it is assumed 
that a trans ae conformation is necessary for binding to the HI site. 
The existence of various active drugs which conform to the general- 
ised antihistamine formulation given above (page 9), but which do not 
possess an aromatic base as part of their structure, led Casy and Parul- 
kar (23) to suggest that ''the distance between the side chain nitrogen and 
the centre of the aromatic ring attached to C-1 more truly represents 


the critical parameter for activity in these compounds''. This comment 


was directed at those who had been assuming that the alkyl N-pyridyl N 
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97% 
separation was the important parameter. 
The essential difference between the d&-Brompheniramine and the 
(+)-Chlorpheniramine structures is the torsion angle about the C(7)-C(8) 


+ 
bond. In the former, the -CH,N HMe., (R) group bonded to C(8) is gauche 


Z 
with respect to the phenyl substituent of C(7), and trans with respect 
to the pyridyl ring. In (+)-Chlorpheniramine, the molecule assumes the 
trans/gauche Phe/Py conformation with respect to the R group. Newman 


projections with the correct S absolute configuration and illustrating 


these two arrangements are given below. 


Phe Py Phe Py 


(a) gauche/trans : Phe/Py (b) trans/gauche : Phe/Py 


(1X) Newman projections down C(8)-C(7) 
for the Pheniramines 


Because of the steric hindrance involved in a gauche/gauche : Phe/Py 
conformation for the alkylamine feature, it is proposed that either of 


the two arrangements observed above is permitted, but that gauche/gauche 
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is not. 

These two staggered conformations are probably energetically 
favoured over the eclipsed conformer which has C-H bonds overlying the 
C-Ar linkages, but examination of a space filling molecular model indi- 
cates that steric interference is small. There would only be a small 
energy difference between this possible symmetric arrangement of the 
alkylamine chain and the gem diaryl system and the asymmetric disposition 
of these features as observed here, with the latter conformations rep- 
resenting the overall minima. 

Having thus established that the precise nature of the aryl system 
interacting with the receptor is not critically important, although there 


(24) 


does seem to be a slight preference for a pyridyl ring , and that the 
observed dissymmetry of the Pheniramines probably represents their most 
Stable form, attention can now be turned to the generalities which can be 
drawn from these structures. 

In each of the three crystal structures determined here, the molecule 
has an open side. In the d&£-Brompheniramine and Triprolidine cases, this 
side is formed by the pyridyl ring(s) and the alkylamine chains. The 
exposed face of the (+)-Chlorpheniramine molecule is formed by the satu- 
rated chain and the p-chlorophenyl feature, but as was noted above, the 
form with the pyridyl ring exposed is energetically very similar. 

The distance from the saturated nitrogen atom to the centroid of the 
exposed ring is very similar in all three cases. These distances are: 
6.212A for d2-Brompheniramine, 6.1540 for (+)-Chlorpheniramine, and 6.013A 
for Triprolidine. The measurement of ~6.3A for Cyproheptadine (XVIII) 


correlates nicely with these determinations and lends some support to the 
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argument of Casy and eye 

Although the existence of an open side is not so obvious in either 
of the two conformations presented for the Histadyl molecule, it is 
present in both. Clark and Palenik have demonstrated that the exocyclic 
nitrogen atoms both have a planar arrangement of the three atoms to which 
they are bonded. It was also shown that the dihedral angle between the 
mean plane of the four atoms just mentioned and that of the pyridyl ring 
was small in both cases; resonance stabilization of this structure was 
indicated by the shortening of the C-N (exocyclic) bond. 

The presence of this rigid structural feature and the above implica- 
tion that an extended alkyl chain is necessary for receptor binding means 
that sites which require both a hydrogen bond donor and an aromatic 7 
electron system on the same side of the molecule cannot effectively util- 
ize the pyridyl ring in binding a Histadyl molecule. Interestingly, 
however, the required arrangement is presented by the thenyl ring and the 
saturated nitrogen function in the (observed) case that the two methy] 
groups are directed away from the former moiety. The separation of the 
quaternary nitrogen atom from the centroid of the thenyl rings is 6.47A 
and 5.93A for the two independent molecules of that crystallographic 
analysis. 

From the apparent constancy of this parameter, and from the similar 
arrangement of functional groups that these molecules could present to a 
receptor site, it is itnferred that the H] site is such as to bind a 
substance having a positively charged hydrogen bonding donor separated 


aa) oy Oh 6.2A from the centre of a 7 electron cloud with the approximate 


dimensions of a benzene ring. 
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Calculating from the published structural parameters for the fully 


(19) 


extended form of histamine it is possible to determine that the 
primary nitrogen and the centroid of the imidazole ring are separated 
by 4.94A. The magnitude of the difference between these two distances 
(ca. 1.2A) probably means that the binding of histamine and antihista- 
mines to the HI] receptor site is not identical. 

Another remarkable point of similarity in the five established struc- 
tures is that in each case the non-hydrogen substituents of the tertiary 
nitrogen atom are directed away from the exposed aromatic ring. Choosing 
the nitrogen substituent nearest the viewer as a reference atom here, the 
torsion angles C eg. N7C(9)-C (8) for the five molecules of Figure 16 are 
17 Qtesel 77h 07782), 158.6 and 184.4° respectively for parts a; b,c, d 


and e. A Newman projection down the N-C(9) bond illustrating this common 


conformation is given below. The fact that four different molecules in 


H bond acceptor 
i 
| 
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H C(8) 


(XX) The observed conformation about the Nee i chain bond 


in antihistaminic drugs 
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101. 
five different solid state environments adopt conformations which are so 
similar in all respects must be regarded as strong evidence that the 
observed structures typify the most probable conformation of an active 
drug. 

Turning now to the function of a third binding interaction, a few 
points can be made. That there are three points of attachment of an 
antihistaminic molecule to the receptor site is to be inferred by the 
site specificity with respect to the absolute configuration of the 
antagonist (see page 13). Since the H] site is capable of distinguishing 
an R arrangement of phenyl, pyridyl and alkylamine substituents of C(7) 
from the enantiomorphous S configuration, it must interact with all three 
of these substituents. Clark and Palenik have stated that ''the bulky 
groups found in most antihistamines are therefore selected to prevent the 
response triggered by the imidazole ring''. That the selection is not 
based simply on size may be inferred from the total lack of active drugs 
which have large, but inert, groups in place of, for example, the p-tolyl 
function of Triprolidine. A diaryl system seems necessary here and it 
is probable that the third interaction involves m electrons in some way. 

Reasonable constancy is observed in the distances between the side 
chain nitrogen atoms and the centroids of the p-bromophenyl, 2-pyridyl, 
p-tolyl, and 2-pyridyl rings of d&-Brompheniramine, (+)-Chlorpheniramine, 
Triprolidine and Histadyl. These distances are 5.57, 5.40, 5.56, 5.54 
and 5.49A respectively for the above substances. 

The possibility that these last quoted distances represent that para- 
meter of the antagonist which mimics the agonist cannot be discounted 


entirely on the evidence available, but the ca. 6.3A found for this quan- 
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102. 
tity in Cyproheptadine (XVIII), which is incapable of assuming a shorter 
distance, and like distances in other inflexible molecules would argue 
against this postulate. 

Implicit in most of the above has been the assumption that the 
receptor site is a stereochemically rigid entity. It has long been 
recognized that the original characterization of a receptor site (page 1) 
needed modification to include the concept of flexibility, and it seems 
that the available facts regarding antihistaminic receptors can most 
easily be accommodated by a model with this attribute. 


(92) that the protonated 


Based on the hypothesis by Rocha e Silva 
NH group of the histamine side chain is anchored to Ney of a histidyl 
group in the receptor, and that a second binding interaction is via Noy 
of the histamine and the carbonyl group of an adjacent peptide linkage, 
Nauta, Rekker and Harms have proposed a very detailed model for the 
histamine none ven ou: This model is not reproduced here but it can 
be easily described. The receptor site is visualised as an alpha hel- 
ical polypeptide chain having (in part) the amino acid sequence, ...phe- 
PS OV SOU sae ea The agonist molecule is thought to bind to this 
receptor via two hydrogen bonds which involve te and iS of the drug 
with the imidazole and hydroxyl features of the a-helical chain. 

In the proposal of Nauta et al., the antihistamine 4-methy 1diphen- 
hydramine (XX1) was assumed bound at three points. These three points 
involve: (i) a hydrogen bond between Ng, of the histidine and the 
alkylamine nitrogen atom of the drug, (ii) another hydrogen bond between 
the serine hydroxyl and the ether oxygen, and (iii) a 1-7 overlap 


attraction between the benzenoid section of the phenylalanine residue 
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(CHg)5 N(CHp)20CH 


(XX1) 4-methyldiphenhydramine 


and one of the like features on the antihistamine. 
There are several aspects of this proposal which make it unattrac- 
tive as a general model for the HI receptor: 
Ci) The presence of one of the aryl groups is ignored; as 
noted above, the presence of two aromatic rings seems mandatory 
in antihistamines, and it must be presumed that these are both 
utilized in some fashion. 
Cini) One of the binding interactions is postulated to take place 
through a feature which is not present in many active drugs, i.e., 
the ether oxygen. The presence of a nitrogen atom, which could 
act as a hydrogen bond acceptor, in place of the ether oxygen of 
Diphenhydramine in some antagonists detracts only slightly from this 


objection since some of the most potent antihistamines do not have 


this functional group, viz. the Pheniramines. 
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(iii) The model is essentially a static acceptor of an antihista- 

minic molecule, no functional characteristics are implied, and it 

is difficult to see how the proposal can explain the dramatically 

different physiological responses induced by agonists and antag- 

onists. 

This writer feels that until a receptor site has actually been iso- 
lated and characterized, it is unreasonable to propose a very specific 
model of the kind outlined above. More general descriptions may, how- 
ever, be proposed, and that given below represents an attempt to synthe- 


size an Hl] receptor site from the available facts. 


Cl 


FIGURE 17 


A sketch of the proposed model for the HI receptor 
showing a (+)-Chlorpheniramine molecule bound to 


the site. 
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Figure 17 presents one of many possible protein surfaces with the 
required specificity and size parameters for the binding of antihista- 
minic molecules. Feature A of this model is chosen to be an ionized 
carboxyl] group since this function would form a strong hydrogen bond 
with a protonated amino moiety. Ring B is drawn as a benzenoid system 
attached to the protein (possibilities include phe, tyr, trp). It is 
difficult to obtain a good estimate of the distance between these fea- 
tures, but the bebe separation of the hydrogen bond accepting chloride 
ion and the 7 electron system to which the 2-pyridyl group in Triproli- 
dine is attracted is probably a reasonable measure of the distance 
between these similar functions of the HI site. Point of attachment C 
in Figure 17 is again envisaged as a benzene ring which, in this case, 
can interact with the second 7 electron system of the antagonist. 
Hydrogen bond donor D of this model is presumed latent when an antihista- 
mine is bound, its function being to form a linkage to the agonist mole- 
cule. 

The proposed model has the diaryl portion of the drug in a hydro- 
phobic region formed by the receptor, and the protonated amino function 
is exposed to the solvent. The reasons for postulating this arrange- 
ment rather than any other are three: 

(i) No effective drug has a large substituent bonded to the 
aromatic ring(s) on the sides remote from the alkylamine chain. This 
is taken to imply that the receptor cannot accommodate too great a bulk 
and is therefore a pocket on the surface of some protein (cf. the tosyl 
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hole in a-chymotrypsin 


rs) Although they are unusual, several antihistamines have more 
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bulky groups replacing the methyl substituents of the saturated nitrogen 
atom (e.g., piperidine, diethyl). It is felt that these could best be 
accommodated by allowing this extra bulk to protrude outside the immed- 
iate site. 

(iii) The greatest amount of stabilization energy arising from 


(95) 


hydrophobic bonding interactions can be achieved when the non-polar 
parts of the molecule are removed from the, supposed aqueous, environment. 
When a molecule of histamine is bound to the site it is thought that 


a major conformational change of the site occurs. The proposed binding 


of a histamine molecule is illustrated below. 


FIGURE 18 


The binding of a histamine molecule to the proposed site. 
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It is envisaged that the change is such as to reduce the volume of 
the cavity by a folding inward of the receptor protein. By this means, 
the previously free hydrogen bonding donor (D) could be brought into a 
position where it could link with the imidazole group of histamine. 
A strong hydrogen bond between an imidazole group and an acidic 
donor in a hydrophobic environment has been implicated in the mechanism 


(96) 


of action of serine proteases , and it is felt that the agonist's 


binding may well have some of the characteristics proposed for the active 


(97), 


site of chymotrypsin or elastase It is even possible that the 
histamine, when bound to the receptor, becomes part of a catalytic site! 

The aryl ring labelled C in Figure 17 comes down and sandwiches the 
imidazole ring between itself and ring B which in turn has changed posi- 
tion to accommodate the smaller distance from the basic centre to the 
aromatic group in this species. The existence of binding group D and 
its hydrogen bonding to the histamine imidazole ring is postulated to 
account for the fact that methylation of either aromatic nitrogen atom 
produces an agonist of greatly reduced TD ee 

Refinement of this model would probably involve the addition of 
subsidiary point(s) of attachment, e.g., one involving a hydrogen bonding 
donor which could interact with either sy of the imidazole ring or fea- 
tures similar to the ether oxygen of Diphenhydramine (XXI). Concrete 
proposals along these or other lines should, however, await the accumu- 
lation of more data. 

One attractive feature of the present model is that it does involve 
different conformations for the receptor when either an agonist or an 


antagonist is bound. In this way, it is possible to understand the 
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differing physiological effects of the two classes of compound. It 
must be stressed that this proposal is not intended to be definitive 


but rather it is hoped that these ideas will stimulate further work and 


thought on this problem. 
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PART 2 
An Oxkndoke Alkaloid 


2.1 INTRODUCTION 

A previously unknown alkaloid of molecular formula CHa yN5°, was 
isolated from the dried root bark of Eleagnus Commutata (Wolf Willow or 
Silverberry) by Drs. Locock and Slywka of the Faculty of Pharmacy at 
this University during their work on the phytochemistry of this species. 

Extensive work on the chemical and physical characterization of the 
compound implied that it was a phenolic derivative of an oxindole skele- 
ton with a spiro linked secondary alkylamine moiety bearing a methyl- 

(99) 


propyl side chain. The molecular structure proposed by Slywka is 


given below. 


(XXI1) The proposed structure for the alkaloid 


The major point of uncertainty with this structure was the location 
of the phenolic hydroxyl, although the bonding pattern of the spiran 
ring and its associated alkyl chain was not firmly settled at the time 


the crystallographic study was initiated. 


In cases such as this, X-ray crystallography can very often settle 
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such questions of structure unambiguously, and as a side benefit provide 
conformational details which may not be available by other means. 

Because of this, and because of our willingness to embark upon a 
problem which would extend our familiarity with the ''direct'' methods 
of structure solution, we agreed to Dr. Locock's request that we attempt 


to resolve the remaining difficulties. 
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2.2 THE STRUCTURE ANALYSIS 
Experimental 
Columnar crystals, with either a triangular or rhombic cross section, 

were grown from hot ethanol by Dr. G.W.A. Slywka and supplied in a form 
suitable for diffraction studies. Preliminary rotation and Weissenberg 
photographs of a rhombic specimen measuring 0.20 x 0.13 x 0.30 mm and 
rotated about the needle axis revealed 2/m diffraction symmetry and the 
systematic zonal absences hOX, 2 = 2nt+1; OkO, k = 2ntl. The space 
group was thus uniquely determined as P2./c and the c axis shown to be 
the direction of elongation of the crystals. The lattice constants 
and some other physical quantities appear below as Table 22. The unit 
cell parameters, originally obtained from films, were refined as part of 


(38) 


the alignment process on a Picker FACS-1 diffractometer. 

Reflection intensities were collected using Ni filtered Cu K radi- 
ation with the diffractometer in the coupled 0/20 scan mode. The 2397 
reflections obtained were subjected to the usual examination for signi- 
ficance (see page 19). Lorentz and polarization correction terms were 
applied and observational weights calculated. Twenty percent (482 
reflections) of the 2397 data points examined within the sphere limited 
by 20 < 130° had net counts less than 30 at and so were assigned a 
threshold intensity and coded ''unobserved''. These were omitted from 
all further calculations except the scaling and generation of the nor- 


(100) was used to place 


malised structure factors (E's). Wilson's method 
the data on an approximate absolute scale; the experimental intensity 


distribution plot and the linear least-squares regression line derived 


from this are displayed in Figure 19. 
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TABLE 22 


Pes 


Some physical constants and other data 


for oxindole alkaloid crystals. 


formula 
molecular weight 
space group 

a 


b 


ob 


0 (4 formula units/cell) 


calc 
Z 

u (Cu K) 

re eee 

28 range explored 

no. unique reflections 

no. observed reflections 

no. variable parameters 

ratio observations/parameters 
final unweighted R 

final weighted R 


mean sigma C-C bond 


mean sigma C-C-C angle 


2 (chlorobenzene/chloroform) 


Ci cHo No 
260.34 Daltons 
P2,/c 

13.1949 (10)A 
9.4525(6)A 
12.1186 (6)A 
109°47(1)' 
1422.32 


1:2220'(2) gin/em? 


12216 shite 
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6.61 cm! 

250-252°C 

Be 1255 

2397 

1915 (79.9% of total) 
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FIGURE 19 


The intensity distribution (Wilson plot) for the oxindole alkaloid. 


Normalised structure factors were calculated according to the expres- 


sion given 9 Fees GICAB IS 


where: 
|e; | is the amplitude of the normalized structure factor appropriate 


to the reciprocal lattice point defined by the vector h; 
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eet is the observed structure factor magnitude on the arbitrary 


S$ ="sin-a/ Xr; 
ae) is the value of the normalization curve, at the appropriate 


value of s, which puts the aa on an absolute scale for point atoms at 


ROSE 


p is a small integer, which varies according to reflection class, 


and is designed to place all of the data on the same statistical foot- 
ingttiOlels 


N 


x sige is the value of the scattering power curve at the sin 6/A 
i=] 


value of |F-|; 
h 
N is the total number of atoms in one unit cell. 
It was found that the distribution statistics of the derived E's closely 


followed those expected for a centrosymmetric eerictire eee 


Experimental Theoretical 
<|E|> 0.831 0.798 
<|E|7> 0.999 1.000 
or eae 0.913 0.968 
Fraction with |E| > 3.0 0.36% 0.3% 
Fraction with |E| > 2.0 3.39% 5.0% 
Fraction with |E] > 1.0 31.87% 32.0% 


Three hundred and forty-three reflections were found with |E|'s 
greater than 1.5. These were sorted in order of decreasing magnitude 


and written to a permanent storage device (magnetic tape). Reflections 
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115. 
which satisfied the relation h = h' + h'' were then searched for and | 
stored in groups according to the index triple h, and in descending 
order of Wade 

Theoretical considerations dictate that arbitrary phases may be 
assigned to three reflections which satisfy various parity Stes oot 
In this case these reflections were selected automatically from the first 
15 in the above list which did not have eee parity. Selection was made 
primarily by the number of sigma-two interactions found for the index 
triples and then according to the parity rule that the determinant of the 
indices, reduced modulo 2, should be non-zero. In this manner the 15th, 
4th and 8th reciprocal lattice vectors were assigned phase angles of zero 
degrees, i.e., E(1,2,10) = +2.192, E(0,8,3) = +3.480 and E(3,3,11) = 
#32155. 

These preliminary calculations then allowed the iterative applica- 


(104) 


according to the symbolic addition proced- 
(101) 


tion of Sayre's equation 


(105) with the technique of Hall and Ahmed 


ure of Karle and Karle 
define and evaluate the symbols. By this means all but four of the 221 
reflections with on > 1.7 were reliably phased. A Fourier synthesis 
using these phased E's as coefficients revealed chemically sensible 
maxima corresponding to all of the non-hydrogen atoms comprising the 
molecule, except for the two methyl carbons. 

Refinement of the model by conventional difference Fourier and 
least-squares techniques using the scattering factors of Cromer and 


Mann (45) in conjunction with the local version of the Busing, Martin and 


Levy eearen n ORFLS, led in a straightforward manner to the location 


of the hydrogen atoms. Inclusion of these positions with the scattering 
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(46) 


factor curve of Mason and Robertson and continued least-squares 
refinement, with the block-diagonal approximation, and observational ly 
weighted structure factors resulted in final weighted and unweighted 
reliability indices of 6.25% and 4.30% respectively. Contributions 

to these indices were accepted from all but 3 of the 1915 observed data. 
The three reflections excluded are marked with an asterisk in the struc- 
ture factor listing (Table 23) and are all of very high intensity and 
small Bragg angle. Tables 24 and 25 contain the positional and thermal 


parameters for the non-hydrogen atoms; the similar quantities used to 


describe the hydrogens are given in Table 26. 


Results and Discussion 

The atomic numbering scheme adopted in this analysis is given in 
Figure 20. Bond distances involving the non-hydrogen atoms are also 
displayed in this figure, while Figure 21 presents the interbond angles. 
The set of molecular parameters involving the hydrogen atoms is given 
in Table 27. Figure 22, which is a diagram of one molecule viewed par- 
allel to the c axis, shows that the compound is a 6-hydroxy derivative 
of an oxindole nucleus with a spiro linked secondary alkylamine moiety 
attached to C(3). The existence of a methylpropyl side chain bonded to 


(99) 


C(4') is confirmed and the previous structural studies shown to be 
essentially correct. The fact that the phenolic hydroxyl function is a 
substituent of C(6) rather than C(5) is at variance with the previous 
tentative ee roone nt ee of this group to C(5). 

The problem of deciding on a C(5) or C(6) placement of a hydroxy] 


(106) 


function on an indole nucleus has been encountered before In the 
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TABLE 23 


The set of observed structure amplitudes and calculated 
structure factors (x 10) based on the final model for 
the oxindole alkaloid. Excluded reflections are coded 
with an asterisk. 
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Atom 


N(1) 
C (2) 
C(3) 
c (4) 
Cts) 
C (6) 
aly) 
C (8) 
c (9) 
0 (2) 
0 (6) 
c(4') 
N(5') 
C(6') 
Cty) 
Coes) 
C(gr) 
C (10) 
C (11) 


x/a 


2090(1) 
1774 (2) 
1593 (2) 
1576 (2) 
177542) 
Pa been 
22772) 
2052 (2) 
1717(1) 
1671(1) 
2356 (1) 
2438 (2) 
1999 (1) 
811 (2) 
5286 (2) 
3583 (2) 
4430 (2) 
4591 (3) 
5494 (2) 


TABLE 24 


The positional parameters for the non-hydrogen atoms 

of one molecule of 6-hydroxy-2!'-(2-methylpropyl)-3,3'- 
spirotetrahydropyrrolidino-oxindole. 
have been multiplied by 10°. 


y/b 


=65(2) 
13132) 
1705 (2) 
= it 22) 
150712) 
-2482 (2) 
-2092 (2) 
-702 (2) 
292 (2) 
2100 (2) 
-3821(1) 
2826 (2) 
4193 (2) 
4063 (2) 
2503 (2) 
2577 (2) 
85393) 
3284 (5) 
3360 (4) 


The quantities 


Zc 


4144 (1) 
3974 (2) 
2700 (2) 
1053 (2) 
826 (2) 
1738 (2) 
2889 (2) 
3083 (2) 
2186 (2) 
4724 (1) 
1469 (1) 
2462 (2) 
2847 (2) 
2341 (2) 
2134 (2) 
3444 (2) 
3244 (2) 
2087 (3) 
4249 (3) 
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TABLE 25 


The parameters describing the anisotropic vibration 
of the atoms contained in Table 24. The quantities 
have been multiplied by 104. 


Atom Ui U5 B33 Ui» U53 Ui3 
N(1) 322 (5) 152 (3) 159 (3) 10 (3) 4 (3) 89 (3) 
C (2) 269 (5) 162 (4) 201 (4) -9 (4) -20 (3) 93(4) 
C (3) 214 (5) 147 (4) 187 (4) 1G), 73 (3) 65 (4) 
c (4) 238 (5) 171 (4) 165 (4) 2 (4) 20 (3) 53 (4) 
c (5) 267 (5) 184 (4) 152 (4) -12 (4) -11(3) 69 (4) 
C (6) 22615) 135 (4) 193 (4) -10(3) $1543) 80 (4) 
C (7) 232 (5) 142 (4) 176 (4) =3(3) 13 (3) 68 (4) 
c (8) 207 (4) 148 (4) 158 (4) =11:(3) 75 (3) 59 (3) 
C (9) 199 (4) 143 (4) 174 (4) -4 (3) 2 (3) 54(3) 
0 (2) 467 (5) 191 (3) 230 (4) 26 (3) #35 (3) 163 (4) 
0 (6) 395 (5) 140 (3) 220 (3) 8 (3) -20(2) 147 (3) 
C(4') 219 (5) 141 (4) 196 (4) 313) 3 (3) 63 (4) 
N(5') 282 (5) 146 (4) 266 (4) 113) 5 (3) 103 (4) 
c(6') 241 (6) 184 (5) 435 (8) 37 (4) 50(5) 107 (5) 
C79) 220(5) 185 (5) 293 (6) 24 (4) 8 (4) 66 (4) 
C(8') 228 (5) 228 (5) 260 (6) 3 (4) 12 (4) 53 (4) 
CHo ID 234 (6) 316(7) 345 (7) -24 (5) -9 (6) 86 (5) 
C (10) 394 (9) 737 (16) hOStvay)  -1.12{10) -18(10) 200 (8) 
CHT) 266 (7) 592 (12) 467(11) -46 (8) 7/29) 42 (7) 


: These coefficients are defined on page 24. 
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TABLE 26 


Positional and thermal parameters (x 10°) for the hydrogen atoms of 
6-hydroxy-2'- (2-methylpropy1)-3,3'-spirotetrahydropyrrolidino-oxindole. 


Atom 


H(1) 
H(4) 


H(103) 
H(111) 
H(112) 
H(113) 


-1 (2) 
SV AVa) 
386 (2) 
417 (2) 
518(3) 
476 (2) 
387 (3) 
5 32 (3) 
568 (3) 
606 (3) 


y/b 


7a?) 
59 (2) 
oe ) 
-453 (3) 
-281 (2) 
290 (2) 
429 (3) 
458 (3) 
4h9 (3) 
233(2) 
22543) 
268 (2) 
155 (3) 
455 (3) 
397 (4) 
211 (3) 
337 (4) 
356 (3) 
213 (3) 
4O4 (3) 


z/c 


488 (2) 
43 (2) 

4(1) 
202 (2) 
356(1) 
179(1) 
373 (2) 
168 (2) 
290 (2) 
131 (2) 
244 (2) 
430 (2) 
ECL) 
3252) 
201 (3) 
214 (2) 
140 (3) 
503 (3) 
419 (3) 
412 (3) 


Visco 


65(5) 
76 (6) 
ES (>) 
97 (8) 
60 (5) 
56 (5) 
108 (8) 
95 (8) 
105(9) 
77(6) 
80 (7) 
73 (6) 
81 (7) 
90 (8) 
137 (13) 
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149(11) 
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FIGURE 20 


The numbering scheme and the bond distances involving 
the non-hydrogen atoms of the oxindole alkaloid. The 
bond distances have average standard errors of 0.003A. 


22. 
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FIGURE 2] 


The interbond angles calculated on the basis of those 
parameters contained in Table 24. The average 
Standard deviation of these quantities is 0.2°. 
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c(2)-c(3)-C(7') =112-1- 
C(9)-C(3)}-C(4') = 114-0" 


TABEE 27 


Bond distances and angles for the hydrogen atoms of the 


oxindole alkaloid. 


N(1)-H(1) 
C(4)-H(4) 
C(5)=H(5) 
0(6)-H(6) 
Gury HN) 
C(4')-H(4') 
NB E)SR5") 
Gibe)aHi61 ©} 
C(6')-H(62') 
GOA SHC FN) 


H(1)-N(1)-C (2) 


Oe 


N(1)-c (8) 


H(4)-C (4)-C (5) 
H(4)-C(4)-C (9) 
H(5)-C (5)-C (4) 
H(5)-C(5)-C (6) 
H(6)-0(6)-C (6) 


H(7)- 


C(7)-C (6) 


H{7)=C (7)-C (8) 


H(4")-C (4! )-C (3) 


HCAS) = (4t)-N(5*) 
H(4")-C (4')-C (8') 


Hour heN ee) 


-C (4 


') 


ers S|] aS aS 2 & & ©& 


96 (2) 
98 (2) 
.98 (2) 
WES) 
0342) 
.00(2) 
202(2) 
so 2) 
04 (3) 
96 (2) 


12311) 
126 (1) 
PG) 
120(1) 
123(1) 
117(1) 
114 (2) 
120(1) 
12314) 
for 
102 (1) 
112(1) 
105 (1) 


Average standard errors are 0.02A 
and 1.0° for the distances and angles respectively. 
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C(11)=Htit1) 
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C(11)-H(113) 
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H(61")-¢{6") 
H(61')-C(6') 
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0.94 (2)A 
1.04(2) 
1.05 (2) 
1.02(3) 
1.04 (4) 
vats (3) 
1.03 (4) 
1.07 (4) 
1.20 (4) 
1.03 (3) 
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Table 27 (Continued) 


(b) Angles (Contd.) 


H(81')-C (8')-H(82') 109 (2)° H(102)-C (10)-C(9') 101 (@)° 
Boe) ae (oe 120.(4h) 112(1) H(102)-C (10)-H(103) 103 (3) 
Htaioc (8h )=C(9") 103 (1) H(103)-C (10)-C(9') 1h) 
H(9")-C(9m)-C(8' ) 107(1) H(111)-c (11)-c (9') 106 (2) 
H(g4)=¢.(9")=C (10) 108 (1) H(111)-c (11)-H (112) 110 (2) 
H(9')-C(9')-C (11) 109 (1) H(111)-C(11)-H(113) 114 (3) 
H(101)-C (10)-C (9') 109 (2) H(112)-C(11)-C (9') 102 (2) 
H(101)-C (10)-H(102) 119 (3) H(112)-C(11)-H(113) 115 (2) 
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FIGURE 22 


One molecule of the oxindole alkaloid 
viewed parallel to the c axis. 
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V2}. 
case of Shepherdine (XXII1), which was isolated from Shepherdta 
canadensts, a C(5) hydroxyl was postulated on the basis of similarities 
in the ir and pmr spectra of the unknown with those obtained from synthe- 
tic samples, and by analogy with other known compounds extracted from 


the same or similar sources. Proof of Browne's postulated structure 


HO 


NH 


= 


CH3 


(XX111) Shepherdine 


was obtained by her showing that the unknown material was identical to 


that compound she was able to synthesize from 5-hydroxytryptamine (XXIV). 


HO 


SN NH> 


(XXIV) 5-hydroxytryptamine 
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128. 

Slywka's assignment of the phenolic hydroxy] group to C(5) was based 
largely upon pmr evidence - probably because of a paucity of closely 
related compounds for comparison by other methods. The difficulty with 
using this technique is that the compounds to be distinguished were both 
1,2,4 tri-substituted benzenoid systems and these would be expected to 
give closely similar spectra. Solubility difficulties with the unknown 
alkaloid dictated that the pmr spectra be run in deuterated DMSO. Di 
methylsulphoxide is a hydrogen bonding solvent and as well as this com- 
plicating factor, the presence of large extramolecular dipoles, some 
of which may be preferentially oriented with respect to the molecule, 
could impose unknown magnetic shielding effects on the system. Because 
of these factors the pmr spectrum of the present compound could be expected 
to present some difficulties in interpretation. 

Both the proposed and found molecular structures for this alkaloid 
possess two asymmetric carbon atoms, [C(3) and C(4')]. Since the majority 
of potentially optically active compounds derived from biological sources 
are in fact synthesized as pure isomers, Slywka would not have been sur- 
prised with his determination of +174.8° for the optical rotation of this 
compound measured on a 0.1% ethanolic solution at 95° (99), The fact 
that the crystals supplied by Slywka were found to crystallize in a centro- 
symmetric space group, P2,/c, unequivocally demonstrates, however, that 
the material is a racemate. This finding when taken in conjunction with 
the very low likelihood that the recrystallization, done by Slywka from 
hot ethanol, would involve racemisation of a previously pure optical iso- 
mer and the existence of various precedents foe ant aa for alkaloids 


being isolated in racemic form indicates that the composition of the mat- 
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erial studied polarimetrically was not the same as that of the crystals 
used in this work. A similar situation was found for Elaeocarpine 
(xxv) $108) in that repeatedly recrystallized material was found to 
exhibit an optical rotation of +0.1°, whereas the crystals were racemic. 
In this latter case the optical rotation of the pure (+) isomer is known 


to be +206° and so the postulate that the biosynthetic pathway for Elaeo- 


carpine slightly favours the (+) rotamer appears reasonable. In the 


(XXV) Elaeocarpine 


present case, however, the apparently large rotation (+174.8°) found 

for the natural product implies that the dextro rotatory isomer is 
strongly preferred over its antipode. Since all crystals examined 
belonged to space group P2i/c, it seems reasonable to suggest that only 

a small fraction of the material was recovered from the recrystallization 
experiments, and to further suggest that the crystallization mother- 
liquor probably contained the (+) isomer in a reasonably pure state. 


Whatever the explanation for this seeming contradiction, it is probable 
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1 310), 
that the true optical rotation for the pure dextro isomer of this com- 
pound is not 174.8°. 

When this structure is studied in detail, very few significant 
deviations from ideal molecular geometry are to be found. The benzen- 
oid section of the oxindole system is planar with maximum exoplanar 
displacement of 0.01A from the plane with equation -0.9603x - 0.2424y - 
OL 1378264141 £7190 =o Oe = 69.9). The phenoxy oxygen atom displacement 
is only -0.043(2)A from this plane, but the phenolic hydrogen is dis- 
placed +0.33(3)A, thus permitting the O-H bond vector to point towards 
atom N(5') of another molecule (see Figure 23). The O-H----N bond is 
2.659(2)A long and the relevant interbond angles are C(6)-0(6)-H(6) = 


110.4(0%9)°, 


1T4(2)°, 0(6)-H(6)----N(5') = 171(2)°, H(6)----N(5')-C(4") 
H(6)----N(5')-C(6') = 103.9(0.9)°, and H(6)----N(5')-H(5') = 120(2)°. 
The distances involving the hydrogen atoms of this intermolecular linkage 


are 0(6)-H(6) = 0.97(3)A, and H(6)--+-N(5') = 1.70(3)A. 


FIGURE 23 


A packing diagram of several molecules of the alkaloid showing 
the sheet structure and the intermolecular hydrogen bonding. 
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a 
The weighted average of the bond lengths within the benzenoid ring is 
1.388A with an associated e.s.d. of 0.006A. The 0.006A discrepancy 
between this average bond length and the 1.3944 found in highly accurate 


(55) is not significant and indicates that the effects of rigid body 


(109) 


work 
libration on this molecule in the solid state are small. 

The five-membered ring of the oxindole nucleus is not planar; the 
spiro atom, C(3), deviates by -0.114(2)A from the best four-atom least- 
squares plane which is defined by the atoms C(2), N(1), C(8) and C(9). 
This plane has equation -0.9465x - 0.2723y - 0.1731z + 1.7989 = 0 if = 
18.2) and is nearly parallel to the plane of the benzenoid ring (dihedral 
angle = 2.8°). None of the four atoms which define the oxindole plane is 
displaced more than 0.005A from it. The -C-NH-CO-C- grouping of this 
ring resembles a cis peptide bond and therefore may exhibit some of the 
features of this structural unit. All of the above six atoms are within 
0.044 of the five-atom least-squares plane, defined by the non-hydrogen 
members of this group, with equation -0.9371x - 0.2572y - 0.2358z + 
2.0524 = 0 (y* = 1113.5). The amide bond, N(1)-C(2), distance of 
1.362(3)A is significantly shorter than the 1.475 (5) A699) found in simple 
tervalent nitrogen compounds. The carbonyl] carbon-oxygen distance, 


(110) 


corrected according to the riding motion mode] , is 1.248(3)A and 


this is significantly longer than the comparable bond distances expected 
in simple aldehydes and ketones which are encompassed by 1.215 (5)R0), 
Bond angle distortions imposed upon this system by virtue of its cyclic 
nature probably preclude the most favourable overlap of hybridized atomic 


orbitals, and so the shortening of the OC-N bond here is not as extreme 


as in normal peptide bonds where this linkage is found to be 1.325A 
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long Nitrogen atom, N(1), is engaged in forming the second inter- 
molecular hydrogen bond of this structure to oxygen 0(6) (refer to Figure 
23)e This bond deviates from linearity by 12(2)° at the hydrogen atom 
and has a donor--+-acceptor distance of 2.916(2)A. When compared with 


(65) (112) 


the tabulated values of Donohue ,» or those of Hamilton and Ibers 

it may be seen that this bond typifies a normal N-H----0 linkage. 
The 1.505(3)A bonding distance between atoms C(3) and C(9) appears 

abnormally short for a C-C single bond length. However, a comparison 


(55) 


with documented values shows that this value is exactly that expected 
for tetracoordinated carbon bonded to a benzenoid system. This observa- 
tion reinforces the widely accepted principle that whenever bond length 
comparisons are to be made the hybridization states of the bonded atoms 
must be taken into account, and that comparisons made only on the basis 
of bond multiplicities are invalid. 

The best four-atom plane of the saturated spiran ring is defined by 
the positions of the atoms N(5'), C(6'), C(7') and C(3), and has equation 
0.4359x - 0.0076y - 0.9000z + 2.3292 = 0. The distances of the five 
ring atoms from this plane are: -0.020, 0.527, 0.017, -0.055 and 0.043A 
respectively for C(3), C(4'), N(5'), C(6') and C(7'). These distances 
and the gh value of 1007.8 imply that this plane has notional existence 
only and therefore should not be interpreted as an important structural 
feature. A more precise description of this ring's conformation may be 
given in terms of the relevant torsion angles. Using the definition of 
torsion angle given on page 6 of this thesis, these angles are: C(7')- 
Gq (h )=N(5') = =3602% Rec (3) GR) —N (Sey C (6n) (= 32.35 eG NS) ) = 
CG SCG] Wea =15. 5°. N(S5™)-Cto )at(7m-C(3) = 7 ejay) and EMS OCP ie 
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135% 
C(3)-C(4') = +26.1°. An alternative description of this five-membered 
ring, and one that has been proposed for furanose ring fore is in 
terms of atomic displacements from the plane through those three atoms 
which are common to both the best and the second best four-atom least- 
squares plane. In this case these atoms are N(5'), C(6') and C(7') and 
the plane has equation 0.3842x + 0.0724y - 0.92042 + 2.1370 = 0 and the 
displacements of C(3) and C(4') are -0.197A and +0.376A respectively. 
These two atoms are on opposite sides of the reference plane and so the 
ring has the twist (T) conformation. 

The molecular packing is shown in the stereoscopic Figure 23 which 
is a projection onto (100). This diagram shows that the molecules form 
infinite layers with the hydrogen bond network shown being the principal 
intralayer bonding interaction. Interlayer bonding is the result of 
non-specific, non-directional Van der Waals dispersion forces between 
the methylpropyl side chains of different molecules. 

A literature search for crystal structures of molecules sufficiently 
similar to the present one to permit fruitful comparisons to be made 
revealed only two compounds. 


testi bls) (XXVI) has the basic oxindole skeleton but the presence 


of the extra carbonyl group would impose electronic and structural con- 


(XXVI)  Isatin 
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134. 
straints on the skeleton which are not implied by the spiran ring of the 
present compound. 


(114) 


Sewarine (XXVI1) has a phenolic indole system with an aon 


hybridized carbon at the 2 position, but in this case the extended system 


HO *N—Me 


ane 


| 
CO,Me XQ 


(XXVI1)  Sewarine 


of fused rings makes detailed comparisons difficult. The Sewarine struc- 
ture was solved by the heavy atom method (methiodide derivative of the 
parent alkaloid) using diffractometer data, and refined to an R factor 

Of Wie0s. The estimated standard deviations for the Sewarine structure 
are 0.01A in bond length and 1.0° for the interbond angles. Within the 
precision of this latter determination, only insigificant differences 
between it and the comparable features of the present structure are evi- 
dent. Despite the claim that ''the rather precise data obtained for the 
Sewarine molecule may serve as references for structure comparisons....'' 
modern crystallography, especially that based on diffractometer data, is 


usually capable of higher precision than was obtained by these workers, 


and more accurate structural parameters are necessary before detailed 
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comparisons can be made. 


Thanks are expressed to Drs. Locock and Slywka for the sample of 
the alkaloid which can now be given the systematic name 6-hydroxy-2'- 


(2-methy lpropy!)-3,3'-spirotetrahydropyrrolidino-oxindole. 
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136. 
PART 3 


Makerte Acid and Maleate Anions 


3.1 INTRODUCTION 

The relative ease with which the first base-dissociable proton 
of maleic acid (XXVIII) is removed (pKa, = 1.83) (115) and the much 
greater than usual difficulty experienced in titrating the second 


) (115) 


acidic function (pKa, = 6.07 implies that neither of these two 


carboxyl groups is normal in its properties. 


H H 
S if 
7 


COOH COOH 


(XXV4I 11) *Maleicv%acid 


This information was used in conjunction with results from infra- 


red spectroscopy to support the proposal of Cardwell, Dunitz and 


Biseliniae: that the second base-dissociable proton of maleic acid resi- 


(117) 


ded between the two carboxyl groups. A previous paper by Shahat 4 
reporting the crystal structure of maleic acid, had shown that the two 
acidic functions were not equivalent with respect to carbon-oxygen 
bonding pattern, and so if the internal hydrogen bond suggestion is 
accepted then the implication is that this hydrogen is bonded more 


closely to one oxygen atom than it is to the other. The first crys- 
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137, 
tallographic investigation of a maleic acid system to directly verify the 
above postulate by locating the hydrogen atoms is that of bicyclo[2-2-2]- 


(118) 


octa-2,5-diene-2,3-dicarboxylic acid (XX IX). 


COOH 


COOH 


(XXIX)  Bicyclo[2-2-2]octa-2,5-diene-2,3-dicarboxylic acid 

There are two molecules per crystallographic asymmetric unit in 
this structure, and both were observed to have an asymmetric intra- 
molecular hydrogen bond. Donor oxygen to acceptor oxygen distances 
were calculated (by this author) to be 2.47 and 25510 for the two mole- 
cules which have O-H distances of 0.78 and 1.03A respectively. The 
remaining hydroxyl group of the tricyclic molecule was utilized in 
linking the molecules together in an infinite helical chain. Thiisedis= 
position of hydrogen bonding power is essentially the same as that pro- 
posed by Shahat \!!7) | but with one major difference. In Shahat's final 
model, the hydrogen bearing oxygen atom not implicated in the intramole- 
cular hydrogen bond was found 2.75A and 2.98A from two possible hydrogen 


bond accepting oxygen atoms. Shahat interpreted these findings as evi- 
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dence for the existence of a bifurcated hydrogen bond which linked his 
ribbons of maleic acid molecules into a two dimensional mesh. Dono- 


the 62) 


recalculated the above contact distances from the published 
positional parameters and found that the 2.98A previously mentioned was 
in reality 2.924. This minor revision did not in itself invalidate 
Shahat's postulate, but Donohue's more reasonable proposed placement of 
the hydrogen atom in question along an interoxygen line implied that the 
bifurcated hydrogen bond was non-existent. To date, no more accurate 
study of maleic acid (hereinafter referred to as H Maz) has appeared, 
and because of the importance of having accurate structural parameters 
for this parent substance, it was made the subject of a refinement 
Study. 

Our interest in the structural chemistry of the maleic acid/maleate 
mono-anion/maleate di-anion system was first stimulated by our findings 
that the maleate counterions to the d2-Brompheniramine and (+)-Chlor- 
pheniramine species both possessed short but definitely asymmetric hydro- 
“gen bonds. That a symmetric position for the hydrogen atom under dis- 
cussion was expected was inferred from previous crystallographic and 
theoretical studies on the maleate mono-anion. The first relevant 
crystal structure published was that of Darlow and coehran\!!9) on 
potassium hydrogen maleate (hereinafter called KHMag). The results of 
these workers were less clear cut than was hoped because in their stu- 
dies the maleate mono-anion, (HMae ), was found to reside across a crys- 
tallographic mirror plane perpendicular to the C= =C bond. Although 


circumstances such as this would normally require that the intra-ion 


linked hydrogen atom occupy a position on the mirror plane, the existence 
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of two half-hydrogens on either side of the mirror is a possibility. 
Because of this ambiguity, Darlow and Cochran were unable to state 
whether their hydrogen bond was symmetric or not. They were, however, 
able to give evidence for a central hydrogen position by providing dia- 
grams of a well shaped electron density maximum located at the position 
where an ordered hydrogen atom would be expected to reside. The oxy- 
gen-oxygen separation for the two participants in this bond was given as 


(120) | 


2.437(4)A in an interpretive paper by Darlow An apparent space 


group ambiguity between Pbcm and Pbc2) does not seem to have been ade- 
quately resolved in this study; no analysis of the intensity data or 
other statistical tests were reported. In view of the molecular con- 
Straints imposed by these authors' choice of Pbcm, reasonable uncertain- 
ty regarding this structure exists, even though a final R value of 4.9% 
was achieved. There seems to be a valid reason for redetermination of 
this structure and refinement in the acentric space group. 
More conclusive evidence for a central position of the hydrogen 

atom in question was provided by a neutron diffraction study of potass~ 


(121) (referred to here as KHC£Mak). These 


ium hydrogen chloromaleate 
workers introduced a chlorine atom into the organic ion to avoid any 
methodological bias of the type experienced by the previous workers. 
This stratagem was successful in that Ellison and Levy were able to 
demonstrate a central hydrogen atom position between two oxygen atoms 
separated by 2.403A. 

Theoretical studies stimulated by the publication of an empirical 
curve which indicated that ''for the particular case of O-H----0, the O-H 


(122) 


distance increases as the 0----0 distance decreases have consoli- 
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dated the belief that the HMa2 jon is one of the few species that has 
a truly symmetric hydrogen bond. A molecular orbital study of Murthy, 


Bhat and Rao (123) 


on this species, with the oxygen-oxygen separation con- 
strained to be 2.4A, has resulted in their proposal of a symmetric 

single minimum potential energy function for this system. Kollman and 
Allen (124) have approached the hydrogen bonding energetics problem from 

a more general standpoint - their ab initio calculations on the H.05. 
species being relevant here. The results of these workers indicate that 
at 0----0 separations of 2.4874 and 2.302A the same minimum energy was 
obtained, the difference between the two situations being that in the 
former case a double welled function resulted, whereas in the latter a 
Single minimum was obtained. At the intermediate separation of 2.3814, 

a lower energy well with a broad profile resulted from their calculations. 
In fact, these computations simply say, in sophisticated terms, what Coul- 


(122) lt would be exceedingly dan- 


son had suggested ten years earlier 
gerous, of course, to carry these latter results over to the maleic acid 
system directly, but the principle of a central positioning of the hydro- 
gen atom in short hydrogen bonds seems well founded. 

The problem remains to determine what factor or factors lead to oxy- 
gen-oxygen separations of 2. 403A and 2.437A (and symmetric hydrogen bonds) 
in two HMag- structures, but result in 0-++-0 distances of 2.417A (d2- 
Brompheniramine maleate) and 2.444K [(+)-Chlorpheniramine maleate] in two 
others which have asymmetrically positioned hydrogen atoms. The symme- 
tric nature of the bond is presumed to be the result of a decrease in the 
O-.»-0 distance rather than a cause of it. 


In order to more fully characterise this system, and hopefully to 
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answer some of the outstanding questions, the crystal structure of disod- 


ium maleate was also undertaken. 
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3.2 MALEIC ACID 


Experimental 


The same difficulties encountered by previous workers (117,125,126) 
in obtaining a single crystal of maleic acid were experienced here. 
Several different solvents were used in an attempt to overcome the 
twinning problem, but to no avail. Only by cooling a warm solution of 
the acid in acetone were crystals of usable size obtained, and all of 
these were twinned by reflection across (100). In some instances, 
however, one member of the twin protruded past the other and by taking 
advantage of the extremely facile cleavage parallel to (001), a suitable 
single crystal could be obtained. The specimen (0.9 x 0.7 x 0.3 mm) 
acquired in this manner was mounted so as to rotate about the monoclinic 
unique axis and then encapsulated in Canada balsam to avoid atmospheric 
effects. 

Diffraction data at room temperature were collected out to a mini- 
mum d spacing of 0.584A (20 max = 75°) on a Picker FACS-1 diffractometer 
using graphite monochromatised Mo K radiation (A = 0.70926A). Refined 
cell parameters and some other quantities relating to this analysis are 
contained in Table 28. With the exception of the b repeat distance, 
the unit cell obtained here is insignificantly different from that re- 
ported by Shahat (117), 

The usual 8/26 scan mode was used over a basic width of 1.8° in 26 
at a scan speed of 2°/min. A total of 2534 unique and space group per- 
mitted reflections were collected and of these 727 (28.7%) were excluded 


from subsequent structure factor and electron density computations on 


the basis that their net intensities were not greater than 398 es Sev- 
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143. 
TABLE 28 


The unit cell constants and some other quantities relating 
to the crystal structure analysis of maleic acid. 


molecular formula CH),0, 
molecular weight 116.07 Daltons 
space group P2)/¢c 
2 7.473 (1)A 
b 10.098(2)A 
C 7.627(2)A 
GOS; & -0.5545 (1) 
8 128 ab2.(2 it 
V 478.921A° 
Z 4 
nevus 1.590 am/em? 
este 1.610 gm/cm? 
u (Mo K ) 1.6 cm | 
26 range explored ho —75° 
no. unique reflections 2534 
no. observed reflections 1807: 47) .o%or total) 
no. variable parameters 89 
ratio observations/parameters 20.3 
final unweighted R 5.04% 
final weighted R Y eed? 
mean sigma in C-C bond distance 0.002A 
mean sigma in C-C-C angle Oty 


standard deviation of difference 3 
electron density map 0.032 e/A 
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enty-two reflections were considered to be suffering from the effects of 
counter paralysis and so were remeasured with a diffracted beam atten- 
uator in position. By multiplying the recollected intensities and the 
experimentally determined attenuator factor together, it was possible to 
overcome this problem. 

Because the crystal had been thickly coated with Canada balsam prior 
to the data collection, it was realized that if absorption corrections 
were to be applied then this would have to be done empirically rather 
than analytically. Accordingly, an absorption profile of the crystal 
was prepared by examining the net intensities of three > independent 
reflections as a function of $6. Only minor variation with scattering 
angle was found for these plots, and the average curve used to correct 


the intensities is given below as Figure 24. This semi-empirical 


FIGURE 24 


A plot of relative intensity versus ¢ for the maleic acid 
crystal. The » value at which reflections from the 
principal axial rows were measured are marked. 
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absorption correction procedure is that of North, Phillips and 


(127) 


Mathews : 

Data reduction procedures included: (i) the calculation of obser- 
vational weights according to the formula given above (page 19), (ii) 
interpolation of form factor curves derived from the coefficients of 


(45) 


Cromer and Mann 


(70) 


for carbon and oxygen, and that of Stewart, Davidson 


for hydrogen, and (iii) application of the appropriate 
(43) 


and Simpson 
Lorentz and polarization corrections The scattering factor tables 
for carbon and oxygen were corrected for the real part of the anomalous 
Scattering effect by application of the terms Af". = 0.005 electrons 
and Af" = 0.015 Sle tented 
An approximate overall scale factor was derived by assuming that 
Wl G89 = 0.9 and equating Ef» where s_ is the sin 9/A value for 0-0-2, 
to lr aheoasehl Upto rs The 0.066 scale factor so derived differs 
by 41% from the value of 0.0389 in use at the end of the refinement. 
Individual atom isotropic temperature factors of Hse were assigned 
to carbon and oxygen atoms with the coordinates of Shahat and least- 
Squares refinement initiated. Three unit-weighted block-diagonal 
dF clhesn aie with relaxation factors of 0.8, 0.9 and 0.7 respectively, 
(49) 


followed by one unit-weighted full-matrix least-squares calculation 


resulted in convergence of the isotropic model at R = 24.8%. Two sub- 
sequent cycles with the reflection data weighted as before, but allowing 
the atoms anisotropic motion, reduced this residual to 8.7%. A differ- 
ence electron density synthesis computed at this stage clearly revealed 
the hydrogen atoms as electron density maxima with peak heights ranging 


from 0.45 to 0.67 e/h?, These atoms were assigned the final isotropic 
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temperature factors of the atoms to which they were bonded and included 
with fixed parameters in the next two refinement cycles which employed 
observational weights. Six reflections of exceptionally high intensity, 
and with small scattering angle, were considered to be effected by 
extinction and so were excluded from the next two, and subsequent, 
cycles. Two further cycles permitting the parameters of the hydrogen 
atoms to vary resulted in ital convergence with the discrepancy indices 
R and R' having the values 5.04% and 7.31% respectively. 

There are indications that this data set is of rather higher 
precision than would be implied by the above values, and it is hoped, at 
some future date, to further refine the present model using more sophis- 
(128,129) 


ticated techniques The very low internal discrepancy index 


of 1.44% calculated from R= = IFAKol7lFixo! 


(Ea for the 122 hk0/hkO 
pairs indicates that random errors of measurement are not major contri- 
butors to the final relatively high R factors. Systematic errors inher- 
ent in the individual spherical atom approach to structural analyses of 
molecular crystals are highlighted by Figure 25 which clearly indicates 
the unaccounted for electron density in the carbon-carbon bonds. This 
diagram and the more complete stereoscopic view given as Figure 26 have 
contour increments of 0.05 e/h> with base levels of 0.05 e/A? and 0.1 e/R? 
respectively. The standard error in this residual electron density map 
(130) (given 


was calculated from the approximate formula of Cruickshank 


below) to be 0.032 e/h>. 
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FIGURE 25 


map. 
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The molecular plane section of the ia 
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FIGURE 26 


A stereoscopic pair of the final difference map. 
Red contours are negative and. the aconh positions 
are shown. The base level iszos.] e/K and the 
increments are 0.05 e/A>. Reflections with sin 6/A 
greater than 0.9 were excluded from the calculation 
of this map. 
The set of observed structure amplitudes and the final calculated 
structure factors is presented as Table 29. The positional and thermal 


Parameters used to describe the final model are given in Tables 30 and 31. 


Results and Discussion 
Figure 27 contains the bond distances and interbond angles for one 
maleic acid molecule as well as the numbering scheme used here. ESti = 
mated standard deviations in these parameters were derived by the indep- 


endent atom method wel from the error estimates in the positional para- 
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TABLE 29 


A listing of the observed structure amplitudes and the 
final calculated structure factors. Excluded reflections 
are marked with an asterisk. These amplitudes have been 


multiplied by 10. 
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Positional parameters for the atoms of one maleic acid molecule. 
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FIGURE 27 


A diagram showing the numbering scheme, the bond distances 

and the interbond angles for maleic acid. Distances X~X 

and X-H have e.s.d's of 0.002 and 0.02A respectively. 

Angles X-X-X, X-X-H and X-H-X have e.s.d's of 0.1, 1.0 and 

Lae 
meters. These latter error estimates were derived from the elements 
of the inverse matrix by the least-squares refinement program. The 
fact that the full matrix of normal equations was used for refinement 
means that the atomic position estimated standard deviations more closely 
approach reality than was the case for the structures refined by block- 
diagonal least-squares. The neglect of cross correlations in deriving 
the e.s.d's in the molecular parameters, however, means that these quan- 
tities are probably still underestimated and that they should be inter- 
preted with caution. For this reason, only the average e.s.d's are 
given. Using X to denote a carbon or oxygen atom, then the distances 


X-X and X-H have average e.s.d's of 0.002K and 0.02A respectively. The 


angles X-X-X, X-X-H and X-H-X have associated error estimates of 0.1°, 
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1.0° and 1.7° respectively. 

It will be noticed from Figure 27 that the results of Shahat are 
substantiated. In this analysis, the two carboxyl groups are not 
equivalent with respect to carbon-oxygen bonding pattern, and hydrogen 
atom H(4) is situated asymmetrically between oxygen atoms 0(1) and 
0(4). That Donohue's postulate is also verified may be ascertained by 
studying the molecule packing diagram, Figure 28. The hydrogen atom 
utilised in the intermolecular hydrogen bond is along the line between 
0(2) and 0(3) of molecules related by unit translation along a. This 
hydrogen bond has an 0:*°:0 separation of 2.643 (2)A and an interbond 
angle at the hydrogen atom of 178(2)°. This length falls neatly 
between the 2.56 and 2.694 values tabulated by Donohue for hydrogen 


bonds between an acidic OH as donor and an acidic O as acceptor. 


FIGURE 28 


The molecular packing viewed parallel to the c* direction. 


fat 


a en ae 

ore tered? Yo etfueor og sada TS SwwEiT mor? beoiton od [fiw 31 
Re .bereitnetadue - 

| | dviw ineisviups 
d yt all cates al wed moss 
18 oels ei stefusaeg e'eudonod teat — .(#)0 
mots nsporbyd oft 8S wei? emspeib enisiosa fusion = — pniybute 
nsswied sall sit pnols 2i tnod hag rabuoghngttiie’ er? a be2ilisy 
2idT .6 gnole notteleners ote vd ‘bateter etuselom to (€)0 bas (S)0 
bnodietni ms bas A(S)€#8,8 Yo noltereqse 0+---0 ms zen bnod nsgorbyrl 


jon 916 equotp fyxodyes own 
negorbyd bas .misateq enibnod 


bas (1)0 @mors neevne 


vd banisirsozs ed ysm ‘boi 


visese etfs dapnel eidT — .°(S)8T1 Yo mote nagovbyd eds 46 ofens 
~~ ife 78 i 


auntie 30% sudonod xa bssstudes 2oulev, 2ea.5, bne ee 
193999068 26 0 olbios ne. brs toneb es HO sibion ‘ne neewaed ebnod 


e, 
8s aauor’ 
Noitostib *> st o3 jot (sv6q pacers anita “ehunetels siT 


@-4ah 4 ‘= 


L35- 

A useful survey by Dunitz and Stel cher eu contains the observed 
geometries of 17 carboxyl groups in aliphatic acids. In all of these 
examples one C-0 bond is approximately 1.23A in length and the other is 
about 1.31A long, the exact averages being 1.229A and 1.309A respect- 
ively. In the present molecule, the two shorter carbon-oxygen bonds 
are insignificantly different from each other and average 1.220A. The 
two longer bonds here are again statistically identical and their average 
fisn f1¥93024.. The linkages from the ethylenic centre to the two carboxyl 
groups are 1.475A and 1.488A respectively for the donor groups in the 
inter- and intramolecular hydrogen bonds. The 0.013A (ca. 60); dit fer-— 
ence is highly significant but bearing in mind the fact that these two 
quantities only differ by 30 from their mean and that the o's may well 
be in error by a factor of two, no meaningful comments relating to this 
difference can be made. This same conclusion was reached by Hecht- 


(118) 


fischer et al. who gave their average for this distance as 1.494. 

In both of the two independent molecules of previous study, and in this 
work, however, the CWepaan (ena) bond to the carboxyl group bearing the 
intramolecularly hydrogen bonded hydrogen atom is longer (by 0.016, 

0.007 and 0.013A) than the other comparable linkage. This small differ- 
ence may be indicative of some slightly preferred direction for 7 elec~ 
tron delocalization to occur, but any such speculations should be 
supported by evidence derived from an inspection of the C= 0 bond 
lengths. Consistent evidence for this hypothesis is not provided from 


these structures; thus, from the standpoint of the carbon atoms of the 


C=C bond, the two carboxyl groups must be regarded as being equiva- 


lent. 
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That little, if any, m electron delocalization from the ethylenic 
bond occurs may be inferred from the fact that the 1.337(2)A found here 
and the 1.349(4)A and 1.344(4)A determined previoustye are not sig- 
nificantly different from the spectroscopic value of 1.335 (5)R >) in 
simple compounds. 

From the foregoing, it may be deduced that the bond distances of 
these strained species are not significantly different from those of 
similar molecules without any strain. Suitable compounds for comparison 


) (132,133) 


are fumaric acid (trans maleic acid and acrylic acid (ethylene 
carboxylic ery ewe 

Some of the interbond angles, however, are quite different from 
expected values. The two. C-C-OH) angles are: li2.3 anda Qin ate cul) 
and C(4) respectively. Although slightly smaller than the 115° average 


O31) are 


for angles of this type tabulated by Dunitz and Strickler 
angle €(2)-C€(1)-0(2) is not greatly distorted. Angle C(3)-C(4)-0 (4), 
on the other hand, is opened by 6.4° from the expected value. The most 
important difference between these angles is that the former is outside 
the strained ring, whereas the latter is subjected to the ring opening 
force imposed by the close contact (1.5954) of H(4) and 0(1). A normal 
non-bonded contact distance between hydrogen and oxygen atoms is ca. 
2.6k (67) and in hydrogen bonds of the more usual type these species are 
found ag) apart on the FILET Owe Very similar comments can be 
made with respect to the two C-C==0 angles. These are observed to have 
values of 119.8 and 125.1° respectively for the outer and inner angles 


of the ring. Dunitz and Strickler's values for this angle range from 


19" ¥to 126° with an average of 122.7°. The fact that the greatest 
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deviation from this average value is 2.6°, whereas a distortion of 6.4° 
was noted above for the C-C-OH angle, probably reflects the greater 
rigidity of the double bond. The third angle at the carboxylic carbon 
is that between the oxygen atoms and these have the values 122.6° and 
118:9° for the carboxyl groups attached to C(2) and C(3). The expec- 
tation value for this angle is 122.3° and it can be seen from Figure 27 
that the only one of these two angles which deviates significantly from 
this value is that involving the more easily deformable C-0 single bond 
of the internal hydrogen bond. Severe opening of the internal C-C-C 
angles at C(2) and C(3) from the nominal value of 120° to ca. 130° is 
evident from Figure 27, but it must be pointed out that not all of this 
opening can be attributed to strain inherent in the cis dicarboxylic 


(120) 


acid. Dar low has estimated bond angles of the type C-C-COOH in 


unstrained molecules to be 121.5°. Values™of 112.52 124.0, 122.8 and 
(132; 133) 


125.4° have been found for fumaric acid and the value for 


acrylic acid is 120° (134), That there is some steric interference 
effect responsible for this, even in fumaric acid for example, is 
inferred from the oxygen-hydrogen contact distance of 2.4 which is some 
0.2A less than the sum of their Van der Waals radii. 

The non-hydrogen atoms of this molecule do not define a good plane. 
The best plane defined by this group as a whole has vo = 2538.1 and exo- 
planar deviations of up to 0.03A. The geometry of the maleic acid 
molecule is best described with respect to three planar segments made up 
from the carbon spine and those of the two carboxyl groups. Table 32 


summarizes the results of several least-squares planes calculations. 


Only planes II, I11 and IV are good enough to be of importance here, and 
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TABLE 32 


A results summary for the least-squares 
Planes calculations of maleic acid. 


(a) Distances from the planes (A x 10") 


Atomthe torkion anglelibout the Offi (l-c UV-CtS) Bon 1s 1.93" Vi 
c(1) ie 7 — lly -132 - 139% ~ 174s 
C (2) 106% -|9%* 14* -139 77 -hhx 
C (3) 154% 19% -248 - 16% 239 102% 
C (4) 23% -9x -776 S7* 153% 76% 
0(1) 332% 438 16%* 361 167%* 204% 
0(2) -275% -307 }2%* -539 -521 -564 
0(3) -9] x -155 -1129 -21%* 151 43 
0 (4) -190* -97 -1089 -|hx -]4ox -132% 
H(1) -83 31 207 -269 -406 -390 
H(2) -549 -759 -402 -938 -581 -757 
H (3) 1033 805 667 767 1194 990 
H (4) 593 696 -103 723 562 585 


“Atoms used to define the plane. 


(b) Equations of the form 1x + my + nz - p = 0 
and x4 values for the planes 


Plane & m n Pp x2 
| -0.0001 0.0046 -1.0000 Sts 572 3 2538.1 
11 0.0034 -0.0046 -1.0000 -1.5830 Va 
It 0.0179 0.0257 =079995 -1. 3802 23:0 
IV -0.0018 -0.0097 -]1.0000 -1.6191 34.9 
V -0.0094 0.0057 Sum 999 -1.6110 841.3 
VI -0.0064 -0.0002 -1.0000 -1.6097 1003.1 


(c) Dihedral angles between the planes! 


Plane | | 1 lV V VI 


| 0 1.926 0.417 Orbe IE bs) 0.700 0.0 
1] 0 easee 0.0 1 Oi / 0.400 
11 0 2.267 2. OM) 2.017 
IV 0 0.959 0.0 

V 0 0.500 
Vi 0 


: Interplanar angles are measured in degrees. 
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from these it can be seen that the two carboxyl groups are individually 
planar and that the carbon spine of maleic acid also conforms to a 
plane. The two carboxyls, however, are not coplanar with this latter 
surface. In the case of the acid grouping bonded to C(2), the two 
oxygen atoms are on opposite sides of the plane of the carbon atoms, 
and the torsion angle about the 0(2)-C(1)-C(2)-C(3) bond is 1.93°. 

The two oxygen atoms of the other carboxy] group are both displaced 
by small amounts towards the same side of the molecule's spine, the 
similar torsion angle in this case being -0.42°. These findings differ 
from those of Hechtfischer et al. where their molecules were both 
observed to have much larger torsion angles. In their study the two 
torsion angles equivalent to 0(4)-C(4)-C(3)-C(2) of the present study 
had values of 5.06° and 17.7°, whereas their angles equivalent to 0(1)- 
C (1)-cC (2)-C (3) were 4.02° and 19.5° respectively. |The two larger 
values were both from the same molecule and these authors attributed 
this large difference between the two molecules to different hydrogen 
bonding geometries of the two independent molecules. 

That the thermal vibration ellipsoids have their major axes per- 


pendicular to the molecular plane is evident from Figure 29. The sur- 


FIGURE 29 


An orter (o%) drawing of one molecule. 
Ellipsoid surfaces enclose 25% probability. 
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faces drawn enclose 25% probability that the centroid of the electron 
distribution is within the surface. The thermal motion ellipsoids were 


(64) 


analyzed with reference to an axial system coincident with that used 
for the calculation of the least-squares planes, i.e., a,b,c*. The 
various planes of the molecule were found to be very nearly parallel to 
(001), Table 32(b), and inspection of the direction cosines for the 
major axes of the ellipsoids under discussion, Table 33, reveals that 
the greatest deviation of a major axial direction from the normal to the 
molecular plane is 3.9°. The very similar sizes and shapes of these 
representational surfaces could well mean that the atoms of one molecule 
are undergoing some vibratory translation motion in concert; the pre- 
dominating direction of this motion eine perpendicular to the molecular 
plane. Further evidence for this assertion is taken from the compara- 
tively large halos of diffuse scattering which surround the 002 reflec- 
tions - particularly the very strong 0-0-2. This set of planes, inci- 
dentally, scatters X-radiation so efficiently that Dame Kathleen Lons- 
dale had cause to remark that its intensity was ''very large indeed! ('25) , 
That the ribbons of hydrogen bonded maleic acid molecules pack 
together edge-to-edge and that these sheets stack together to form a 
layer structure is indicated by Figure 28. Between the edges of the 
ribbons the attractive forces are of the normal Van der Waals type and 
need no special mention, but see later. The 3.1444 (twice the distance 
of plane | from the origin) separation of the layers, however, implies 
an interaction of rather greater interest. The literature pertaining 
to stacking interactions is, so far as the writer has been able to deter- 


mine, concerned solely with aromatic molecules. The present substance 


is not aromatic and, as was noted above, does not even exhibit signifi- 
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The root-mean-square displacements and direction cosines 
of the principal axes of the ellipsoids used to describe 


TABLE 33 


the thermal motion of the maleic acid atoms. 
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cant delocalization of the m electrons. However, the molecule is bas- 
ically planar and does have three centres of 7 electron density, which 
facts may permit cautious interpretation in terms of the principles dev- 


(135) 


eloped from other systems. Bugg et al. have documented over 70 
base stacking interactions in nucleic acid constituents and from their 
examination of these data determined that, (i) ''the solid-state stacking 
apparently cannot be rationalized on the basis of permanent, molecular 
dipole-dipole interactions'', and (ii) ''....purine and pyrimidine stacking 
occurs with minimal ring overlap and involves interaction between a polar 
region of one base and the polarizable ring system of the other''. This 
latter point particularly is closely related to an earlier observation 
that there seemed to be a specific interaction between carbonyl] groups or 


(136) | 


other polarized multiple bonds and aromatic systems Prout and 
Wallwork also suggested that there was often a competition between the 
tendency of molecules to maximize their 1-1 overlap and the interaction 
of polarized charge clouds with delocalized systems. 

In the maleic acid structure there are no specific interactions 
between either non-polar C= =C bonds or between a carbonyl function and 
the ethylenic centre. Figure 28 shows that the -CH==CH- part of the 
molecule is excluded from the overlap region and that the intra-ring area 
between the carboxyl groups has a carboxyl group fc C4), 0%3)s" OU on 
one side and a carbonyl group [C(1)==0(1)] on the other. These facts 
indicate that polar forces involving the carbon-oxygen bonds are the most 
important in stabilizing this crystal structure. Specific contributions 
to the binding energy are difficult to discern, but that between the 
approximately antiparallel C(4)-0(4) and C(1)-0(1) bond directions in 


adjacent sheets may be cited as an example, aS may that between the C(4)- 


-vab zafalonirg ae hata aia . = 
Of asvo betnsmuseb eved (ED is 4s eeud any. tendo mor? bogole 
1i9f3 mort brie atneu3 H2nos bids D1étoun aT 
aa? 
pnitizgse stase-biled® sig” (1) pet i ateb = noi isn imexs 


: i#)0 


rsiuoelom ,Inengmraq to 2ized Sid e% bosilenotts1 od tonnes youn 
pnidoet2 onibiminyva bas onivud, an (11) bre a slogib-slogib 
ysloq ¢ naswisd noitosisan! esvfiovei bit gsivevo pais Jeatntm nt iw bers cy 
zit = ."""sAdo eft Fo mexeve enin sldssinsfoq ona brs sesd sno to noipst 
noltsvisedo 1sifiss ne of bSsteien Ylezolo 2i ¢tstuais78q jniog ba fo. 
10 2quotp lynodye. nsawisd noltsetst) SiTiaeqe 6 od oF bemese sist pain 
bne tuoy4 (284) emeszye oi temors brs 2ebnod et ais tum bextreton be rh 
oft nsowisd noitissqmon € net to hn erans tery oe ozls wines 
noljostetel sit brs ge lravo Ti views ssimixem of 2es!usslom to al ec 
s@meseye besi feaoleb ot iw @buols Spiers postales to 

enoitssisin} a1tiosae on sis — s1usourde bios sisliem srt al | 
base noitonut fynodtss 6 nsswied 10: ebnod j= 5 brag vi or eetidela: sical 
aes to tv6q ~Ho=esH3- sit teria ewode 8S a wpi mates sinslydss ats 
691s pait~srini edt tere bas noips7 autanin ont mor? bebuloxs ef siveette 
no (HO .(€)0 .(4)9] quore fyxodyso « esd equote fyxodiso ods neswied 
ee ee [(i)O=mm(1)3) quove Tynodiss & bne sble ono 
teom sez sexs 2bned aspyxo-nodyss sia pniviovai esa 10} vsfoq tert esasthat: 
2noijudintnos sitioeq2 = .siwisurte Iereyvo 21d pnisil idete ni snesoqmi 
srt neowisd tet gud ,mieseib OF sTuoIttIb ss yersns enibnid so 
ni enaltoerib bnod (1)0-(1)9 bre (8)0-(#)9 (ol feveqitne yfetemixorggs 
~(4)9 sft mgowted sera yem - +siqmexs ne e6 betio sd ysm etyerle tnsos(bs 


163. 
0(4) and C(4)-0(3) bonds. 

Within each stack of ribbons the donor > acceptor directions for the 
hydrogen bonds are all approximately parallel rather than antiparallel 
and, with respect to the first, this common direction is reversed in 
moving along b to the next stack. This would imply an attractive force 
between the stacks and a repulsive force within them. This would explain 
the fact that it is extremely easy to cleave the crystals so as to expose 
a fresh (001) face or shear them perpendicular to c*. Imperfect cleavage 
is observed parallel to (010) and this must be taken as evidence that di- 
polar forces are strengthening the Van der Waals attraction between the 
stacks. 

In closing this section, several points may be made with respect to 
the final difference map. Apart from the expected finding that there is 
a build-up of electron density within the bonds and regions of negative 
density near the atoms but on the opposite sides from the bonds, Figures 
25 and 26 show two interesting features. The first of these is that in 
all cases where significant maxima exist these are inside the cyclic 
structure, in just the positions where Sue hybridized orbitals would be 
expected to overlap. The angles between these maxima and the atomic 
positions were measured on a large scale version of this map to be close 
touh20n, This situation has been observed before, but not with such 
clarity, for the maleate mono-anion portion of dipotassium cis aconi- 
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An accurate structural study of a cyclopropane derivative has 
provided an analogous rerur nee The interbond angles in this latter 
study were 60°, but the angles between the electron density maxima, 
measured from the published figure, are 109°. The term ''banana bonds'! 
has been coined for this strain effect and it is tempting to apply the 
designation "inverted banana bonds'' to the present case. 

The second point of interest concerns the levels of electron density 
in the various bonds. The three carbon-carbon bonds have by far the 
greatest charge build-up with electron densities of greater than 
0225 e/h?, Because the central bond is of order 2 and the others of 
single order, one might expect a greater electron density here. The 
fact that this is not so simply indicates that the m1 bond does not have 
significant electron density in the molecular plane. The two C=—0 
bonds both have electron density maxima greater than those of the two 
C-O bonds, and all four bonds seem to have much lower residual electron 
density than is observed in the carbon-carbon bonds. This observation 
has been made peroreu22! but not discussed further at that time. A 
simple explanation of this effect could be that the very high electro- 
negativity of oxygen, 3.5 on Pauling's Peers means that the elec- 
tronic environment of the oxygen atoms is contracted and so this species 
more closely approaches a spherical atom than does a carbon atom. The 
observation that the electron density maxima in the C-O bonds of the 
present structure and in that of Hanson, Sieker and nPeeR 1397 are 
shifted towards the oxygen atom lends some support to this suggestion. 


Maleic acid has the virtue of crystallizing in a centrosymmetric 


space group, and so phase angle errors are likely to be small in this or 
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subsequent more accurate work. Despite the twinning problem, crystals 
of the order of one millimeter should be obtainable and so this compound 
would seem to be a good candidate for a neutron diffraction study. A 
comparison of the results which would be obtained from such work and 
those obtainable from low temperature X-ray diffraction, together with 
those of the present room temperature study, may well prove to be of 


exceptional interest. 
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3.3 DISODIUM MALEATE 
Experimental 

Disodium maleate was prepared by adding an excess of NaOH pellets 
to a concentrated solution of maleic acid in water. On cooling and 
Standing, the syrupy solution solidified into a mass of very tiny needles. 
A sample from this preparation was dissolved in DMSO with the addition 
of the minimum amount of water necessary. Acetone was then vapour 
diffused into the test tube containing the material and a great many very 
small crystals again resulted. Allowing firstly the acetone and then 
some of the water to evaporate by opening the vessel to the atmosphere, 
resulted in platy crystals of good quality. 

An irregularly shaped specimen of maximum dimensions 0.5 x 0.6 x 
0.08 mm was mounted so as to rotate about an axis contained within the 
plate. Preliminary oscillation, Weissenberg and precession photography 
revealed 2/m diffraction symmetry and the systematic absences: hk%, 
ieee 2nr ls MehOL sy h-=*2nFls w= 2nt le OKO; ke= anal. These absences 
imply either Cc or C2/c as the space group for this material. This 
ambiguity was resolved (see later) in favour of the centrosymmetric space 
group. The crystal was aligned on the diffractometer and the refined 
unit cell constants and orientation parameters obtained in the usual way. 
Table 34 contains the unit cell parameters and other data pertaining to 
this analysis. Graphite monochromatised Mo K radiation (A = 0.71069A) 
was used for the data collection which utilized a 9/28 scan procedure 
over a basic peak width of 1.6° in 29 and fixed position 10 second back- 
ground counts on each side of the peak. Because it was desired to 


spend as little time as possible in fruitless irradiation of the crystal, 
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TABLE 34 


A data summary for the structural analysis of disodium maleate monohydrate. 


formula : ; 
CHO), HA0 Na 


2 
molecular weight 180.07 Daltons 
crystal size O55) xs0 Om xe 009 mm 
Space group CZye 
a 20.979 (4)A 
b 10.004(3)A 
c 6.369(1)A 
cos 8 =Oed JO3'(2) 

B 100.15(1)° 

Vv 1371.56A> 

Z 8 

ante 1.744 avin 
Pane 1.85 (2) gni/ene 
u (Mo K ) Zo Bomeny 

26 range explored 3.5°-80° 

no. unique reflections 4iS7 

no. observed reflections 2871 (69.1% of total) 
no. variable parameters 116 

ratio observations/parameters 24.8 

final unweighted R SSG Op 4 

final weighted R 4 82% 

mean sigma in C-C bond 0.001A 

mean sigma in C-C-C angle 0.08° 


standard deviation in difference map 0.084 e/h? 
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the B2/b rejection routine of the Picker software was modified (MNGJ) 
to exclude all of the systematic extinctions for space group C2/c. 
Data for this compound were again collected in two spherical annuli. 
The low 8 data between 26 = 3.5° and 60° were collected first and this 
was followed by examination of those reciprocal lattice points with 
scattering angle between 60° and 80°. Only insigificant intensity 
changes had occurred in the monitor reflections at the end of this data 
collection, but because 4157 data points had already been examined for 
this 15 atom structure, and because the majority of reflections in the 
outer shell were found to have low intensities, the data collection was 
terminated at this point. The same statistical tests as had been 
employed previously (page 74) were used to test the net counts of each 
reflection for significance. In this way, 2871 reflections were consi- 
dered observed, the remainder being appropriately coded and excluded 
from all subsequent calculations except the generation of the normalised 
structure factors. Data reduction included Lorentz and Solar eaLiOn ae, 
corrections, and the calculation of observational weights according to 
the formula on page 19. 

A three dimensional Patterson map, sharpened by the 1|/Lp function 


for a zero level of reciprocal space, was computed and interpretation of 


(@) 


\ 


this map attempted by the symmetry minimum nethode-en Space group C2/c 
was assumed for this work on the basis of the correspondence between the 
8-fold multiplicity for this group and the fact that the structure con- 

tains 8 molecules per unit cell. After several trial superpositions had 
failed to reveal the structure, the fallacious nature of the above assum- 


ption was realized and work aimed at solving the structure by direct 
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methods was initiated. 

An approximate overall scale factor and average thermal vibration 
parameter were derived according to the procedure outlined above for 
the oxindole alkaloid (page 111) and these quantities used in the deriv- 
ation of the set of normalized structure factors. The distribution 
statistics derived from these E's were compared with those expected 
from both centrosymmetric and non-centrosymmetric eh duceibes cae and 


found to correspond more closely to the former case. These statistics 


and the values for comparison are listed below: 


Observed Centric Acentric 

(Theor. ) (Theor.) 

<E1> 0.815 0.798 0.886 

2 

alee. 0.998 1.000 1.000 
Naa 0.962 0.968 0.736 
Fraction with |e | Ae omy 4 0.3% 0.01% 
Frastion with @—£| > 2.0 4.6% 5.0% 1.83% 
Rraction with) |£) > 150 30. 8% 32.02 36.8% 


Because of the C eicerind symmetry operation in this space group, 
half of the nominally distinct centres of symmetry become identical with 
the other half. This reduces the number of general reflections which may 
be assigned arbitrary phases from three for P cells to two. Preliminary 
hand phasing indicated that if the structure invariant 2.0.0 (J/E| = 
3.340) could be assigned its correct phase, then assignment of origin 


specifying phases to the E's 5-9-1 (|E| = 3.289) and Myehe3 {/E| =e) 807) 


would probably allow the successful application of the symbolic addition 
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procedure : 
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1/0". 
A sigma-one (Z,) relation allowed 9.9.0 to be assigned the value 7. 


This ae relation was derived by inspection from the general method given 


by Maine fo, 
Arve 


Starting from the general relation of Hauptman and 


Karle 


5 {E s{|E fe ll [1] 


2he 2k. 22) ~ hke 


where s means sign of and * is interpreted as probably equals, and apply- 


ing the approximate papa etog au: 


Viele Jesup ey 3-35) ig Ph iskt en [2] 
to the hO& zone, we can write: 
on-0-28 Shek 2” Phekek [3] 
Now, for parity group 1 (htk = 2n,2= 2n) of space group C2/c, 
PL) ar (heka dare Mhglekecea (nek sMhmim (okie) [4] 
and for parity group 2 (htk = 2n, 2 = 2nt+1) the relations 
=a i “- Ed ~ =rek = 
EB hepeagaser hictay eee Rey the kee) (hek-2) [5] 
hord 142) | 
From these the general relation 
(6, <.,) = (-1)” cos (1.9) [6] 
era ey 28 h-k+2 
may be verified. From equation [6] it can be seen that 
+ Qo [7] 
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FAtl. 
but since tak = 76 PROG for centrosymmetric structures, equation [7] 


may be written 


ae A ia [8] 


Returning to equation [3] and substituting, we get 
tonsod2ne cut [9] 


Now, since no assumptions have been made regarding the value of 2, the 
indications obtained from equation [9] may be summed and inserted into 


equation [1], yielding 


™ mere! Dy es 
& Fansen- og heals ie (iL ved (LE. sas | 1) [10] 
and the appropriate probability formula is 
poruy 3 ee 2 ) 
+ =_— = aa — | { : | eS S 
Bee a oD a7z lEon.o-2e! = Ey pegh - Uy 
20, & 


In this last equation, 9. and o, are defined by the relation 


3 Z 


one ig ae [12] 


where i; is the scattering factor for atom i at sin 6/A = 0, and N is the 


number of atoms in one unit cell. For disodium maleate the quantity 


bah, ae08 hseoeneloared ocivit 


Using equation [10], the reflections 8-0-0, 10-0-2 and 26.0.2 were 


found to have ©, totals of -6.51, -15.991 and -14.772 respectively. The 
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probability that this procedure assigned the correct phase in each case 


is 914047098. 3% and 97/22 


The fi Bliss E =903< = = : oa = 2. 
Merbiiss! Fora, gimas3 dB40yeEs ou) ='+3228950 E57 9 = 2-807; 
El9-0-2 ~ 2-302 and ES Ato rs & 2.186 were used as a starting set in the 
symbolic addition procedure programs of Ahmed and wary (101), All 189 


reflections with |E| > 2.0 were correctly phased by program sapha (101) 


and these large E's were then used to determine the phases of those 
normalized structure factors with magnitudes greater than 1.578. A 
Fourier synthesis using the 488 coefficients so defined clearly revealed, 
as the 11 largest peaks in the map, all non-hydrogen atoms of the struc- 
Guimer 

A structure factor calculation based on the coordinates from the map 
in conjunction with scattering factor tables derived from the coefficients 
of Cromer and Mann, and assigning to each atom the overall temperature 
factor-of ‘the structure, returned an R factor of 21.2%. Iwo cycles of 
full-matrix and unit-weighted least-squares refinement of this isotropic 
model resulted in convergence at R = 10.88%. One cycle of fuli-matrix 
refinement with observationally weighted structure factors, and allowing 
the atomic temperature factors to assume their anisotropic form, reduced 
the conventional residual to 4.58%. Before least-squares refinement 
was continued, the model was changed in two respects: 

(i) Two small difference maps were computed around the regions 

where the hydrogen atoms were expected to occur. Four chemically 

sensible maxima of heights greater than 1.0 e/A? were found and 

these were included with the scattering factor curve of Stewart, 
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Davidson and Simpson : 
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(ii) The oxygen atoms of the maleate di-anion were assigned an 

average (0 + 0 !)/2 scattering factor curve. The two curves which 

were averaged were those derived, as before, from the analytical 

coefficients of Cromer and Mann. 
The hydrogen atoms were assigned the final isotropic temperature factor 
of the atom to which they were bonded and their parameters were allowed 
to vary during the next refinement cycle. The most dramatic parameter 
change (apart from that resulting from a punching error) in this cycle 
was in the scale factor. This quantity was observed to increase by 
123040. (1 3a). That the scale factor was previously underestimated is evi- 
dent from the physically unreal situation observed in the difference map 
where the hydrogen atoms were found to have peak heights of greater than 
] e/h?, Five reflections of high intensity and small scattering angle 
for which Fy < Es were removed from the data set, and least~squares 
refinement continued. Two further cycles on the above model resulted 
in final convergence. The decrease in ane for this final cycle was 
OL 13%. The weighted and unweighted R factors from the fina! structure 
factor calculation over the included data are 4.82% and 3.30% respec” 
tively. A listing of the observed structure amplitudes and caiculated 
structure factors is presented as Table 35. 

The conformation of the disodium maleate di-anion found in this 
analysis is depicted in Figure 30 along with the numbering scheme adopted 
here. This diagram and the atomic parameters of Tables 36 ana 3/7 cons-~ 
titute one facet of the description of the final model. In these tables 
and elsewhere 0(5) is the water oxygen atom and its hydrogen atoms are 


designated OH(1) and OH(2). 
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TABLE 35 


A listing of the observed structure amplitudes and 
final structure factors (absolute scale x 10) for 
disodium maleate monohydrate. Excluded reflections 
are marked with an asterisk. 
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1a 62-56 17 12600 123 2 386 -398 9 59 -66 2 315 308 4 388 -2 14 408) 18 2 142 148 130 81-82 = Ge se to 654 45 
4 766 -765 110368 4 294 282 6 59 s7 4 268) -2 1S 51-46 5 40¢ 66 12 90-96 
H#= aet= 7 | He ots 4 6 380 369] H= -10.L= 6 130 308-14 6 499 -4s88 6 68 -68 | H= -13, l= 7 6 102 ~-108 
8 lat -144 8 289 -291 6 366 ~-370] W=-15eL= 2] H= 166t= Of H= 16,t= 8 
2 #8 68 10-32 27 0 240 239 lets 5S to 308 «= -9 | H= -126 t= a8 1 105 107 10 138 134 
4 236 © «243 1242 29 2 -12 12 98 93 3 80-76 120 490-51 1 179° (183 0 793 7a9 o 62 -62 
6 67 ~62 14 830-81 « -s We 21a 224 14-37% -16 2 306 13 5 63 22 14 9597 3 248-1 2 372 -364 2 388 -17 
6 356 -23 16 77 -78 6 -95 3 14 -149 16 408-4 4 40 -35 7 14a 116 5 68 -68 4 102 -105 4 sae 2 
10 6 6se 88 8 -3 5S 246 253 6 A408 s2 8 195 192] He 24 t= 5 7 300 -301 6 309 -304 6 39 27 
12 48 at We 10, b= 1 to 14 7 211 -212| H= 128t= 3 11386 -38 9 45 -45 6 160 180 8 408 -24 
12 -10 9 70 72 H= 135 b= 0 13 61-56 2 300 3 1b 76 83 10 328-5 
He ae Ls 7 2 1202 1255 1b tia -116 2 296 -303 4 125 -130 130 44 48 12072 7a] We -16.4= 8 
a 82 94] He 10, t= 9 130 at 44 at ast 26 106415 418 | He 13, c= 8 6 98 89 15 3908) 13 14 47 a2 
2 88 94 | He -94 t= 6 6 247 -231 1s 408 -22 6 278 14 3 85 -91 8 34% 30 16 408-268 o 330 3 
4 88 -8 8 235 -225 2 378 29 6 306 -2 5 205 192 1 61 -60 10 900 96 | He Se t= 3 2 135 -133 
6 39 33 1 308 310 10 168-174 4 38e 20] H= 11,t= 6 to 223° 231 7 4a1 3 368 «617 12-39% -35 leet= 2 * 167) 183 
8 7 -77 3 118 -121 12 338-3 6 39% -27 12 64 = -70 9 144 -140 S 378 -16 14 408-8 1 202 -209 6 6 Ss 
10 920-98 S 31 -317 14 368-290 8 408 -26 1 182 -169 16 386-33] 11 168 169 7 485 50 3 94 102 2 66 -79 a are 146 
12 64 86 7 184 196 le 398 «33 3 155 154 46 48 -62] 13 47-48 9 408 -33 5 180 -179 4 123 -128 10 398-42 
14 408 7 9 308 -13 H= -10e t= 9 5S 47 -51 15 388 7 7 185 184 6 405 -1o1 120 ate -27 
tt 99 0-94] He 10. t= 2 7 san aan] He -125 b= 3 H= -13. l= 8 9 36 -29 6 121 -118 
H= Be l= 8 130 368 -25 2 166 -162 9 308 -11 He 13ek= 1 11 60 crs 10 33¢ 10] H= 16.t= 9 
15 396 «17 0 1461 -1574 4 388 -20 tt 368-25 2 102 or 1 128 128 13° 195-192 12 1427) 125 
o 95 90 2 $67 558 6 58 54 130 40e -13 4 405 420 1 207 196 3115-118 1S aoe 147 69 2 408 19 
2 346 3 | H= ote 5 4 91-82 6 38% -5 6 7 -79 3 435 -127 Ss 92 89 160 418-6 4 87 -90 
4 a7 -82 6 257 303 10 490-58 -tte t= 6 6 268 35 S 917 -948 7 36 37 We -15el= 3 
6 368 ut 1 354 0355 8 323 -327 10 «720 «-78 7 247 237 9 378 -6 We -16.t= 1] H=-16,t= 9 
a 63 69 3 102 105 10 318) «--3 | H= 104 L=- 10 1 338 339 120 77 «~-75 3 306 o 11 800-75 1 348-341 
yo 42 as 5 153 -152 120 34828 3 170 ~176 14 378 -21| 11 265 260 We tae l= 6 3 216 219 2 1st -139 2 98 102 
7 261 -264 1a 42 46 o 66 59 5 298 s 16 408 6| 13 191 -187] H= 13,4= 9 5 67 65 4 69-59 * a = 
H= -6 L= 8 9 99 100 16 408 «42 2 50 51 in Ware =75 1s 5h 36 0 324 5 7 238 242 6 205 201 6 72 68 
11 368-9 4 78 -69 9 336 -13/ H= 126ts 4 + si -s1 2 96 102 3 78 80 6 17? «4177 6 7 -72 
o 318 =1 130 388 10 “104 t= 2 6 46-4 11368 7 He -13e4= 1 3 398 -15 4 11a -119 ato at a1 to 139° 138 10 408 =a 
2 167 «163 15 408 -18 130 68 = -67 0 180 -172 5S 398 -4 6 107 106 13 185-186 120 145) -143 
4 236 -233 0 685 -667 -10. L= 10 ry 10 2 7 64 1 366 -361 7 408 16 8 368 637 15-39% -12 14 386) «= 26| H= -16. L= 10 
6 340 -39 | H= -9e t= 5 2 S24 509 4 201 -245 3 506 509 10 62 -se 16 408 «19 
a 50 42 4 356 -355 O aye 285i wees |v 6 429 «437 5 75 680] H=-13.t= 9 12 78 -80 1Set= 4 o 228 -216 
to 388 8633 1 28-35 6 236 238 2 87 ~-77 B 31 45 7 441 440 We i6e t= 2 2 «6s 4s 
12 40 18 3 505 524 8 125 -108 4 40 32 1 47 a3 10 340 ab 9 464 -461 10 38 33 | H= -14, t= 6 1 31-30 4 398 -208 
5 316 -318 10 152 148 6 398 13 3 163 169 12 180 -147/ 11 Bh 72 3 3se -12 3 45-42 0 489 496 6 88 92 
He a ts 9 7 44 -36 12 85 = -89 8 408 -26 Ss 83 87 14 390 -31| 13 356 -17 5S 42 -39 o 186 6187 S 308 23 2 185 167 a 408 18 
9 3 -31 14 368-12 7 368 -3 1s 388 -19 7 89 2 129 -126 7 81 81 4 374 -386 
2 68 -67 ll 430-38 16 56-51] H= 10+ u= 1 9 378 -12| H=-12. t= 4 9 398 4 1730 174 9 128 123 6 162 -165| H= -16, t= 
4 378 «35 1300378 19 it 58-60 13, L= 2 1 ane 6 318 -6 11 8 s4 6 121 -116 
6 384 -11 15 406 -29] H= 10. c= 3 2 a2 -46 0 406 420 a) ie xs 130 47) 48 yo 115s) 1a5 2 406-4 
8 396 -26 4 100 -95] H= -1le t= 7 2 Sst -62 144 tae | H= 13. L= 10 10 60-58 12 368 -30 4 408-5 
H= 9. l= 6 2 42 38 6 40% 20 4 208 203 3 24¢ 23 120 48-51] H= -1S5eL= 4 14 185) 185 
He -8, l= 9 4 186 188 1 96 -97 6 88 84 5 231 -260 1 408 6 14 89-29 = i%et= 
1 75 nm 6 33 43 liel= 0 3 308 -12 8 247 -200 7 196 -204 3 408 39 1 94 101 | H#= -te.L= 2 
2 412 -115 3 308 9 a 298 10 5 196 -199 10 240 © 233 9 308 -13 4et= 7 3 260 ~261 1 289 © 282 
4 60 34 5s 95 -97 10 «Sl -88 1 178 -164 7 207 208 12 43 -30] 11 338 -32 = 10 5 361 366 0 194 = 182 3 2se 8 
6 38-8 7 69 59 20071 66 3 317 ~-310 9 418 -121 es 7 -72] 13° 92 99 20 7 45 38 2 at cry 5 91 -89 
a 90 87 9 110-114 14 78-80 S 275 264 1137 36 16 73 -67| 16 53 64 1 37¢ -40 4 9 49 4a 4 263 -265 7 298 20 
to 398 -11 11 Vere” 8 16 408 -15 7 176 185 130 460-51 3 87 art 102 140358) 12 6 427 428 9 113 112 
13 39% -37 9 85 90 H= 12,4= S| He -13. l= 2 5 388 34 9 130 61-65 5B 109 -105 if 348) -23 
H= Be L= 10 He -105 t= 3 144318 -29] H= tte t= 8 7 110 © 105 -13 1s 61 -61 10 1e4 = 180 1311S -110 
H= -91 l= 6 13059 35 2 256 -258 tb 31-19 9 ane at 12 486 -118 1S 61-60 
0 96 (98 2 819 «515 15 44-48 1 122 -122 4 193 -198 3 222 216 7 1Sel= 5 3ae -9 
2 398 7 1 245 262 4 192 © 201 17 75-78 sles! 78 6 37 43 S199 113] He -13e L= a8 16 103 -102] H= 17,t= 1 
a 49-38 3 278 -286 6 347 -349 5 368 1 a 73 -72 7 214 -204 2 318 19 0 oF 72 
6 45 -34 5 216 -215 a 43-45] He tte L= 1 7 83 84 to 43 46 9 93 (98 1 s¥* 56 4 128 -127 3 421 -427 | He 16. t= 3 1 258 -245 
7 39 -36 10 98-103 9 399 36 12 a2 aa] it 108 103 3 98 ~86 6 338 -18 5s 328 -9 3 426 437 
n= t= 10 9 206 20€ 120 11000 183 1 259-239 14 40e -3] 13 103 102 5 408 -9 a 3se 3 7 68 -92 2 276 21 5 107 -106 
1100 5a =S1 14° 76-82 3 785 -799 6 S 162 -171 10 106 100 9 158 154 4 28¢ -19 7 tol ~106 
© 206 205 13 386 «37 16 40 a1 £ 68 47 H=-12,l= 5 H= 14) b= 0 12 59-68 1b 38%) 25 6 220 220 9 58 -s9 
2 378 -24 15 408 26 7 38 =31 1 42-48 Nia 13ek= 3 13. 40¢ © 23 8 326 3 it 66-68 
4378 «17 H= 10) = aw 9 329 «338 3 338 -30 2 63 72 0 166 153 | H= 14, l= 8 10 0 35e 0-4 13 400-23 
6 108 -99 |H= 9. t= 7 1b 02 8s 5 46 -47 4 321 -325 1 s72 570 2 45 41 Hz -15. L= 5 12 378 0 15 408 -20 
8 408 13 0 423 -428 1300-71-75 7 358 -10 6 30 26 3 240 -235 4 160 157 o 1 -76 14 408-18 
1 328 =a 2 405 -417 15 386 (32 9 126 120 a 31% -10 5 106 104 6 79 ~69 2 47 a1 253 He -17%. l= 1 
H= <8. l= 13 3 320 «323 A 426 433 17 418-38 11 398-35 10 «35 29 7 298 19 68 112 -101 4 378 -s28 3 
5 156 -108 6 288 5 12 368) 34 9 28a 282 10 232 223 6 s8 60 -93 1 4st -463 
2 61 ~61 7 350 -7 @ 241 243] He =1ie L= 1] HE tie l= 9 44 110 -109/ 11 34% -28 12 48 so 8 tie 185 22 2 289 -290 3 664 -681 
4 408 19 9 37 -37 10° 99-101 13° 114 -110 1s 37% -20 7 4 688 -704 5 208 ~215 
6 408 25 1100 398 -23 1200 93 86 1 576 565 1 78 -80] H= 12. t= 6] 15 s2 -46 16 150-154 | He -t4, t= 8 aia 6 286 -34 7 188 162 
130 4te 19 14 6300-64 3 133 -149 3 68 63 1300 388-38 By RS) aus ‘Nn a “ae 
Hz 9. l= 0 Ss 121 116 5 398 -20 0 166 «168 -13,t= 3 1 0 1St -149 16 73 -75 10 47 42 110 9288 
He -9. l= 7] He -10e l= 4 7 358 -352 7 s2 -48 2 146 -150 2 69 -66 120 4000 at 130 4 34 
| 927 -989 9 107 -110 a 326 7 1 189 «198 2) vse -123 4 10 -101 1S) i= 6 14 3e8 -20 1S 408) © 22 
3 ai 184 h Wee s2s' 0 286 272 410058 -S8] H=-t1eL= 9 sty auer veer 3 566 -569 4 115-116 6 178 175 16 53 52 
5 261 273 3 86 ~86 2 199 -207 13° 191-186 a 54 48 S 258 -13 6 138 -132 8 46 45 1 -7 He 17) l= 2 
7 106 106 5 103 103 4 135-148 1s 102 -98 t. -3as 2h 190 Lat -142 7 289 -290 6 58 -54 to) at as 3 -42 | H= 16et= 4 
9 229 -226 Rh sie 19 6 506 soz 17 408 33 3 187 -183 12 398 34 9 168 169 to 213 216 12 94-89 5 12 1 269 269 
11 69 68 9 114 117 6 343 351 5 36s 32 11 460-48 12 35¢ -36 7 66 ~67 0 292 296 3 425 -430 
13° 137 130 1100378 -25 lo 34 42 7% aw S| H= -12, t= 6] 13 110 107 16 77-78 la, t= 9 9 3% 4 2 103 107 5 2668 -4 
1s 378) (32 130 53 s2 1% ‘os wor 9 137 «139 15 121 -122 16 408-36 117s m1 4 308 1 7 199 -198 
17 408-21 14 43052 tt 408-10 0 225 -216 2 47 -s0 6 160 -170 9 202 239 
H= 9. l= 8 16 408) -8 2 280 -16|H= 136 t= 4 4 390 -2] H= -15. t= 6 a a7 91 14 8S 
fe west of = tle t= 40 4 33 -29 6 408 -5 10 86-88 130 st -s@ 
1 89 as| H= to. l= 5 6 182 -147 1 69-68 1 158 -160 12 388-15 15 408 15 
1 403 388 3 76 -72 1 408-4 6 s2 87 3 105 105 He -14) l= 9 3 67 -64 14 408 413 
3 363 -355 5 56 2 186 189 3 408 -14 10 153 150 S 124 -123 5 39 -80 H= -t7e b= 2 
S 2208 -1 7 37e -31 4 14a 148 S 408 14 120 39 40 7 203 199 2 48 -36 7 231 232 | W= -16,t= « 
7 180 186 oo 54 iS Pt a 14 40% 19 9 79 83 4157-155 9 35¢ 27 
9 61 -60 11 408-9 8 114 112 11 A987 6 57 sh 110 720-74 o 116 117 
11 o3te ‘ 10-50 se] He tle Ls 2 = 12et= 7] 13 53-56 a 396 -15 13° 58 54 2 309 -309 
fase 2 Ian <oa t= — 6 if 378 33 15 40# 16 10 408 45 4 242 241 
15 3e58 4 14 408 -16 1 101-90 # 380 Uy HW 15els 7 6 1395-136 
17 408 48 1 160 187 3 $8 ~62 a 45) -se[He-13. te) @ | He dete 2 | He 14s b= 10 6 159 162 
3 326 10] H= -106 L= 5 5 say -SA2 6 105 103 1 ae =5' 1 147) =149) 
ee 5 188 -189 7 108 111 8 47 ~46 asa 445 0 408 -s7 3 a4 -88 12 60 58 
7 36 -37 2 132 -137 9 51 a3 10 «720-68 136-123 2 416 -3 5 es -7a| 1 39¢ 21 
1 288 291 9 #77 68 4 344 352 i139 38 12 67 sa 14-115 7 130 «128 He 17% l= 3 
31185 1210 398 6 99 -108 13° 2380 220 430 46 | He -14s L= 10 9 78 -75 | He 16.0 5 
5 67 -76 130 40%) 24 8 30% 19 18 66 59 1 398 -9| He -12,t= 7 130-131 110 99989 1 9179°«tT9 
7 337 ~-330 10 103 108 17 90-90 3 39% -20 421 122 0 378 -27 2 147 -145 3 3a -399 
9 163 184 ]H= % L= 9 12 66 69 5 408 -34 2 136 138 356 8 2 gee -12| We -15)t= 7 453 St s 83 83 
i ste <2 te Jee ae Livi oe 4 136-142 jae -23 4 see 7 6 59 53 7 328 ° 
ye ae f acer uk H= 126L= 0 6 43-42 43-29 6 44 -46 a 416-120 6 49 48 2 68 -70 
15 54 60 3 83 S68| H= 100 t= 6 1 233° -251 6 95 99 3) 30) L 3 167 4-165 to are’ 2 1 si a6 
17 408 34 5s 7 =) 3 213 -210 0 73 -87 10 134 ©6132 l= 2 5 109 -110 12 136 -138 12 41a ts 
7 398 =-6 Ss 395 -398 2 110 «115 12 58 co Hej iée Us ae 7, Pee mit x 
He 9s Ls 2 9 408 -13 7 200 -21 4 268 -257 151 -160 9 36 33 | W=-166 t= S| H=-17%e t= 3 
° 76 79 6 151 -1405] H= 12,L= 8 7 85 2 41 -32 110 9899 
11187-1229 | H= -9, t= 9 1 64 64 6 291 -287 21 205 * 408 18 13 408 15 2 19 =76 1176-178 
3 575 568 130 440-47 to tear 173 0 165 ~162 609 -607 4 383-386 3 506 S11 
2 149 (147 420-44 15) b= 0] He 18) t= 28 6 70 67 5 176 179 
5 132 141 1 225 -217 15 39% «16 12 33% «038 me tanate oe ae 
7 416 412 3 57 35 14 166 163 4 68 -78 316 38 1 
gi tau ‘sos 5 360 =a20 He =11eL= 3 16 408-3 6 65 s8 198196 1 16a 172 1 378-28 10 107 4A3 9 1% ~72 
a we es 12000 «119 3 233 233 3 95 93 120 430-45 110 3se ote 
Li Dt 8 sete nd Mas bg ri a88 61-72 5 310 317 Ss 38 -38 soe 130 57-63 
ae ee or eee a See Stee Se ees 7 500 -493 7 39e 26 15 408 -24 
15 389 -44 i 43 wat 3 788 6787 bd i 6a) SAac lie hy 45 
17 ale =30 5S 148 -152 2 228 223| H= -12,t= 28 3 268 -20 | n= 3 9 109 112 = 166 & 
#2 Oe b= 10 e Se =e 4 180 -166 5 400 -406 11938 20 W= 17%. b= 4 
oe age ? 6 351 356 o 7 6a] 7 139 143 2 67 -67 13,176 «175 | He -15. L= 8B 0 6 59 
a ee <a ui 10s tae o 6™ ae 2 3ae -10| 9 64 70 4 589 -so7| 18 398 7 2 103 -100 11392 138 
1 593 5868 3 398 un 13 67 68 10 162 158 4 59 or] 1 242 243 6 101 ~105 ly aoe ae a 346 448 3 308 6 
3 1393-116 5 55 -54 15 6t ss 12 348-14 6 149 -150/ 13° 77 -73 a ate S| we tet 4 3 56-58 6 67 69 5S 237 -239 
14 176 181 6 366 29] 15 408 a 10 188 187 5 358 -15 a 45 -46 7 109 -108 
A le ts m= ile t= 4 16 40e 2 10 38¢ 29 12100098 1 387 = 394 7 6am Sy 10 62 6s 2 98 lon 
CT aN AGT Reed NCD palin ons : 12 408 ° 1% Ls 6 14 56-58 3 200 35 9 3e6 120 490-37 1h 62 sa 
HONE Runeee 7 1 76 «4-75 | He -12e t= 1 5S 492 502 41) 167 13 666s 
11 31e -36 1 64 61| H= 10+ L= a4 rey terres Yio -108 3 7 150-151 He -16. l= 6 
1 Ne ae BS Se cae ie ™ -76 9 263 262| H= 15.t= 9 He -I7e l= ow 
16 Jae 19 5 6A 66 2 46 46 5 122 126 2 125 «124 3 3 E 
= @ 448 430 2 356 2 6 63 86 2 69 -s9 41 130-125 0 445 448 
ee oe Ce AG as LA PL Se atthe jee 166-167 4 100-89 13 62-58 1 46 29 2 258 203 1 321 -327 
9 40% 41 6 196 -197 9 151 -156 6 33 29 4 110 118 7 : a eee meee nL eee! at een’ Eee a S ae ae 
H#= Gels 3 6 368 -26 11-358 -20 6 are 5 6 39 as| 9 48 3 
4 - - a «soe = ay 388-13 B 2b 216 sw 75 6 66 62 5 ao 
H= -9. l= 1 10 388 ~10 1349 44 10 90 at ’, . Zl : 
13 103-191 10 263 263 | H=-15e t= 1 6 68 -6a 7 S11 S2 
1 157 -15e 12 408 44 1s 84 a8 ie, 330) 131 B “a emareer ean 5 nailer eater 
14 Ba 86 | He -1204= 9 12 136-143 u i 
eager ne Ss otie oH = 6 398 49 He -13. l= 6 14 30816 1 a9 8s 12 430-52 1 3se -17 
: fe crea 3 ss “ Oe a es ee : 2 a -76 16 408 10 3 320 -326 1 460 4a 4 93) 92 130 68 6a 
3 407 att 3 368 -16 5 408 4 
9 205 206 2 189 -159 1 730 735 | He 126t= 2 + 308 2 b cn ed gh Re NLaae Sill Petes at ’ 
ib 48 53 | H= 10, t= 0 4 30 20 3 249 -255 6 site oes , > in, cass 7 Je mrivdin @ 
13 36e -37 etal na 48 i gal Tee See 7 0 250 249] 11 98 -98 9 398 -45 2 59 -s0 
idan Ms ee eee oe ee Re RR aae a eae em ° 2 206 -9 13 368 -37 4 17h -176 1 239 -200 
Be Cee ane calls ee . aan cee 11 at 86 4 130 -133 15 80 -S2 | He -15e L= 10 6 66 41 30 37 40 
ee Sere! Se ote (We Ray ESS 1S ee aoe oe a alae date ioe 6 135 -188 8 396 at 5 338 29 
Stare Hee wis) SOM CSE) aD ee alae ise 32 6 64 65 |W 1Set= 2 ee ee 7 142 tag 
V 977 995 ® 225 -226 = a ee ue See. Soe Hwiatis sal) sot “ome om + 43 «(36 9 9% -96 
3 594 «894 NCU APSO REIS) |S Rae DESC ee im pe . ae 12037 «18 1 202 205 5 30¢ -13! He -166t= 7 Cha 39 
5 303 -295 12047 49 We ile l= 5 14 46-40 4 40 
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ko ea (ee «FO Fc K FO Fe «FO FC K FO Fc kK FO FC K fo Fe k FO FC kK FO Fc « FO Fc «& FO FC kK FO Fc 
fe i%e te § 2 sas =a? ; ae . aki 6 op Bs H= -20. t= 9] H= 21,0= 28 6 400 -35 u 69 72 3 360 -12 4 124 lig 
2 408 23 5 86 -a9 i a7 ars 6 119 -115 
13 408) «13 6 400 404 7 65 ~64 10 183 ~179 2 37 10 147 36] W= -22. t= 7 | He 23,L= 7 4 98 101 7 3e8 12 3 44 ~40 5 68 -69 
5 38 34 9 160 163 12 400 a3 e388 -5 3 408 -17 au taos way, B45) 42 10 68 =89 
He -17, l= 5 100 67 68 11 368-13 14 140 ~135 6 114 -109 2 30e 15 1 398 7 -24. l= 7 T ase oe 
eae ug Lie Fisk 130 42 43 @ soe 15] He -21,t= 8 4 87 6B 30 48 as H= -25. t= 8 9 65 -59 | H= -284 t= 2 
SR, EA oe alt a ea eee 6 368 a1 5 400 19 2 see -41 11 408-32 
Pear seohilinn dia \kae a phgtn Wakes . 1 368 -15| 68 389 21 4 s7 -57 1 40 3s o 164 182 
3 107 10a] 10 106 -101 | H= -23, t= 7 6 37% -28 3 3ae -22 | H= 27,1= 1 2 221 -220 
7 60 62 1 209 -218 a 4 46 o 86 89 Ss out van ee = 
9 36¢ «35 0 225 226 3 61 60 6 136 -137 2 39% ° 7 4s at aS 4 Ra Se euniae 3 
—46/H= 22, t= 6 1 356 to 408-3 7 82 -as + 65) -as 6 148-1463 
11 368 =18 2 30% 26 5S 441 449 a Saas) (= 4 430-31 9 408 -22 3 59 3 S48 -96 8 108 106 
US 2B Ente 2 a8 aes id v3 ag 10 815 ~-116 6 400 -53 0 408 -5 5 68 He -24+ L= 6| H= -25. t= 9 BR TF 80 10 102 102 
es 4 = 120 368 -15 H= -216 L= 9] 2 408 50 74 vse") sy 12) ais, | us 
ee emma seta SE See Se) 2Ra cece eau Hae 2 ents io aes 9 55 o 376 36 1 398-25 9 388 ~26 
-28| H= -22. .= 26 1155 2 43 46 2 398 8 it e269 | He 28. t= 3 
en) 77 12 67-62 1S 51-56] H= -20. t= 1 a 116-110 a) 43 50 4 84 -78 aoe 3 
3 . 60. = 3 051 39 Ss 65 82 0 36% -16 | H= -23. t= 8 6 398 o f i ; He -27e l= 1 2 ss -sz 
ES TPE ASO NAS Moy AP Ger Ma AS-i | WO gir WER ce Se FR Fe Ta 
6 6 145 1 
9 48 39 0 663 ~680 1 at -76 6 151 189 9 34 38 —21, L= 10 6 412 -118 cle cas 72| We -2a. = 9 1 408 ° 3 a cr 6 72 -76 
IY 43) =42 2 14h tae 3 218 216 8 326 -8 11 68-69 8 398 25 Ss 45 53 5 142 ~176 
4 se sa Ss 122 127 to 54 45 13 398 -30 1398 «14] 40 80% 0-22 7 106 ~103 2 39 -1t| H= 264 L= 0 7 1c7 -101 | H= -28, t= 3 
We -I7e b= 6 6 428 430 7 108 ~102 120-378 (27 3 408 3 9 408 -9 a 42 ~a2 9 360 3 
8 108 -109 9 55) -52 14 390 -7] He 2tet= 14 S 408 -6/ He -22, t= 9 6 43-41 o 48-48 41-39% = 30 2 80 -79 
g axe to 358 44 1b 41-38 -23.0= 9 2 219 -213 436 39 
+ nee ee ue = = 13) 400 <41)) He 200/L= 2 He 22, l= Oo z eet os as i He -24. L= 10 g ae ive | H= 27.L= 2 : = a7 
- 6 -84 1 
7 418 44s He -19) l= 3 0 244 -255 0 162 -168 6 76 ~-73 3 390) 47. o 102 94 a 41 33 1 99-97 100 75 719 
9 aS -83 | He 18.t= 5 2 87 86 2 33 -a1 B 408 32 Ss 76 -81 2 408 -60 10 «53 46 3 109 -109 
11 38¢ (35 1 316 310 4 183-163 4 178-177 7 408 =7 12 83 53 5 121 120 | H= 26.u= 4 
130 61-64 2 Sf =s3 3 siz ~s21 6 108 108 6 148 146 t= 10 Hs 25, t= 0 ? 376 29 
* 424 -125 5 299 18 8 57 -69 8 112 101 H= -23, L= 10 26, b= 1 9 398 -26 0 165 -161 
Mz 17. l= 7 ie ee aE Z ay 28 to 108 444 40 390-38 o 6ST 55 eestor nL 1 63 64 2  38¢ 39 
-47 120 56-45 12 48-46 2 aoe -13 14 28 355 87 2 190 ~191 4 48-51 
1 368-5 10 45045 410 50 “8 14 55 40 14 40833 4 408 7 3 408 -23 5 50 -46 4 293 -289 | H= -27. t= 2 6 107 105 
Ae Ries ghee 8 ae, a eo) 7 ase ae 6 126 «125 a s3 -55 
s 1 wee Peete erie 1S) 40% -Z0)})| (He S200) Ue 2 H= 22. t= 1t|H= 23. L= 0] H= 24, t= 0 9 ps =? 8 37¢ -8 1 309 300 
ie 1 os -* 10ST 69 Seviae = H= -28. = 4 
9 408 19 H= 19) L= 0 286 -270 2 7 ™ iy soe) an 0 176 -169 13 69 68 120 49 52 5 196 Efe rise 
2 29¢ -e 2 150 157 o 31 616 3 202 -201 2 103 104 7 368 -16 o 73 76 
He -17, l= 7 4 154 -159 1 217 221 400730 -73 6 134 133] 5 100 102 4 320 -14] H= 25, c= 1| H= -2650t= 1 9 386 ry 2 35e -« 
6 100 -98 3 65-66 6 315) 3h 6 97 96 7 223 220 6 136 «137 11 007300«=72 4 63 -66 
1 36 =38 8 336 23 5 34 -30 Bas) 50 10 63-69 9 95-948 6 35¢ -27 t 106 = 100 2 196 186 6 378 25 
3 40 39 10 36622 7. 7a =a 40 90-89 {2 388 35] 11 53 46 100378) (38 3 208 -213 4 123 11S | H= 27% t= 3 6 38 -a7 
5S 338 -2 12 388 -6 9 368 40 120 81 «--79 | WR 21et= 2 14 408 6] 13 153 -152 12 39% 3a 5 186 180 6 65 -90 Jo 145) (147 
7 358 -30 14 408 24 11 4000 ~a2 14-398 2 7 4 38 a 368 ° 1041s) tne 
9 68 ~63 130 408 -25 1 s3 -53| Ha -22,1= 1 230 t= 1] He 245t= 1 9 107 108 10 © 80 80 3 217 -216 | H= 28.t= 5 
1 63 63 | H= 1a,t= 6 H= 204t= 3 al sz. sa 11 398 7 1253 59 5 4 -49 
130 410 -29 “19 t= 4 5 36 56 2 298 6 4 185 180 2 31¢ -5 1300 490-45 eee 71 2 308 -34 
0 186 180 2 159 163 7 400 101 4 214 208 3 81 -78 4 62 -68 H= 264 L= 2 9 408 19 4 408 ~36 
We 17e Le 8 2 80 ~a4 4 312 312 4 98 101 9 84 -79 6 79 at 5 200 -204 6 390 -16 | H= -25. b= 1 6 42 45 
4 350 33 3 406 «416 6 65 -86 410 41 4a 8 125 ~124 7 183 189 8 358 1a 0 333 -337 | H= -27,L= 3 
1 39 34 6 150 -156 5 66 70 8 100 98 130 97) ~87 10 «9368 -25| 9 183 -176 10 378 -9 1 208 203 2 159 159 He 28, L= 5 
a! Md Se ar eRe od LS a ak od 12-38%) «= 10] ak 822 LAT 1g 99 =92 3 256 «6256 4 45 42 1 St =46 
5s 52 62 10 39% 36 9 182 -1a5 120 398 a9 2 14 408 = 24] 430 408) 25 Sas) rei 6 38 at 3.179 «162 2 188 
7 408 -9 11 368 13 We -24. b= 1 7 158 -158 8 118 -119 5 45 -46 4 160 -165 
H= -18e Le 6 130 420-46] He -206 t= 3 1274 -268| H= 22, t= 2] H= -235 t= 21 9 368 16 100398 = 40 7 368 -23 6 55 54 
LA nd 3 280 36 2 306 ° tt 426-131 12 41% © 20 9 38% -15 a 398-4 
0 139 -143 | R= 19. t= 5 2 108 «116 5 137 -135 0 232 -236 1 2098 8 4 3ne -268 13, 408 1 a1 76) =80 10 408 8638 
1 2 152 -155 4 162-146 7 210 209 2 56 87 3 273 ey 6 40 =38 H= -26, L= 2 
3 4 265 265 1 55-53 6 90 97 9 348 38 4 60 70} 5 106 -106 @ 155 -152] H= 25. t= 2 He 27, l= 4] H= 26.L= 6 
Ss 6 75 72 3 330 -17 8 30 6-37 an 368 1s 6 33° -26 7 224 219 10 145-148 o 326 ° 
7 86 a3 8 35% ~6 5 84 83 10 87 6-86 130 398 -16 6 194 192 9 139 -141 12 151 150 1 38 =32 2 187 189 1 129-127 0 53 ~51 
9 388 ~46 10 112 -118 7 47 ~80 12-378 -26 1S 61 70 fo 103-103} a1 72 74 14 418 20 3 012 te 4 162 -159 3 86 34 2 60 -60 
11 408) za 1200 43 sa 9 388 -43 14 408-35 12 398 933] 13 398 -S 5 Sse -13 6 51 52 5s 3a¢ -7 
1 66-66 He 2tebe 3 He 2464= 2 7 120 © 120 6 86 -686 7 66 69 | Hs -26. l= 6 
He 17) b= 9 |e tee be 7 He 20eL= 4 H= -226 t= 2 23,t= 2 9 141 -1at lo 130 ©6125 9 408 -38 
He -19) Le 5 1 283 -206 0 287 -248 11 408 -18 12 408 -32 © 126 «126 
1 50 =39 2 55 -s1 0 189 187 3 169) «173 o 44 aa 1 61-69 2 79 -78 He -27, l= 4 2 37° s 
3 408 -39 4 67-67 1 126-128 2 120 -121 5s 338 -9 2 290 -2 3 328 -8 4 57 s5 | H=-28. L= 2] H= 26. t= 3 4 67 zy 
6 78 70 3472 «176 4 113 121 7 340 -28 4 138 -105s| 5 67 -68 6 126 130 1 147) 146 6 102 -108 
Me -17e l= 9 a 398 «14 5 164 -164 6 199 -202 9 146 -145 6 196 193 7 186 «189 a 49 as 1 38s ° 2 62 -s5 3 207 -209 8 398 -17 
7 33% 20 e 61 768 11 530-44 8 87 82 9 4-52 10-388 -3e 3 320 ~22 4 61 -88 5 8&8 ~82 
10445 133 | He -18, t= 7 9 79 -aL 10 40 a 13 82 82 10 141 -139/ 11 99 -100 12 408 1 5 e9 -93 6 6 63 7 370 -9 | H= -28,L= 7 
S) za ve76 1100378 4a 12 68 7 12 104 -96/ 13 408 37 7 44 aa 6 38% 19 9 429 132 
Ss 5a -55 2 190 187 130 460-42 H= -21. b= 3 14 660-64 H= 24, Le 2 9 368 -12 1046 47 11 65S) 65 2 119 116 
7 $0 =S3 4 158 -157 M= -20eL= 4 -23eL 2 110 (388 3 4 60 -64 
9 400 -36 6 120 -t17 | H= 198 t= 6 10173 -176] H= 22.L= 3 © 102 -103 130 400 -17| w= -26. t= 3] H= 27242 5 6 54 56 
8 368 -21 0 378 -385 3 368 ©6367 t 298 418 2 82 83 & 408 -36 
He -17) L= 10 10 86 32 a: 9 87 2 42 -35 5 44 a3 2 59 ~-68 3 61 66 4 35 35 | He 25.L= 3 2 3% -3 t 39% -19 
12 408 s 3 e7 -92 4 45-29 7 27, 74 4 257 260 € 63 -62 6 233 -236 4 35 -34 3 308 -12 | H= -28. l= 6 
1 3a8 -168 5s 36¢ -1 6 31 -6 9 95 +95 6 5ST ~-57 7 176 182 4 123 125 1 ee -91 6 201 -206 5 99 -102 
3 66 63 | w= 18.t= 8 7 46 =-51 8 209 2nt 110378 3 a 368 ~12 9 35¢ 15 10 82 88 3 153° 153 8 368 6 7 408 16 0 sé 54 
5 101 9 398 22 10 179 =176 130 490 =39 10 100 -106| 41 48 -53 12 98 98 5s 50 -S7 10-388 0-25 2 398 -7 
7 50 50 o 388 bane ‘ 12108 = 105 12 59 -66| 13 400 ~41 ets a7 420133 133 | H= -27.u= 5 a 43 a 
2 50 14 50 a5 | H= 215 l= 4 He 24) L= 3 9 398 -26 6 408 -12 
He -17-. l= 11 4 398 H= -198 L= 6 We -22e L= 3/H= 235 L= 3 11 408 -28| H= 264L= 4 I ase: 449 
6 408 H= 200l= 5 1 338 5 2 50 -4a 3 63 -56| H= -20.t= 9 
1 408 -36 1475-176 3 65 -91 2 67 -69 1 33 28 4 56 -98 | H= -25.t= 3 0 139 -132 S 126 123 
3 40¢ 105 | H= -18. L= 6 3 99 103 2 tal wir 5 105 108 4 210° 212 3 65 -64 6 Ta =-71 2 65 co 7 s2 58 2 408 10 
5 33 39 4 53 se 7 79 =84 6 1390138 5 190 190 es S727, 1 «2-63 4 4420 135 9 69 77 
He 16, Ls 0 0 499 =193 7 40 =46 6 368 -15 9 376 -16 6 65 -70 7 36" -9 10 «39% = -28 3 361 366 6 68 -69 11 40@ =32 | H= 29. t= 0 
2 144 437 9 59 62 8 37 4 110 39838 10 145 ~12t 9 378 36 1200 at 49 5 33 -36 6 398 -8 
0 201 -188 4 so =55 11 o3Ae 3 10 398-30 12 82 e2] 11 se -62 7 358 4 He 27) l= 6 1 358-33 
2 474 485 6 368 4b 130059 55 H= -21e l= 4 14 408 43 He -24. l= 3 9 99 99] H= -26, t= 4 3 101 -95 
4 474 -a77 8 $4 =52 H= -20. t= 5 He -23. L= 3 AL 390-31 1 408 15 5 so -39 
6 67 64 10 $20 -sa | H= 19, t= 7 1 99 «4-97 | He 22, b= 4 2  8t ~83 13 408 4 0 458 6462 3 63 v2 2 cSt 80 
a 55 54 2 102 103 3 £1 56 1 99 = 103 4 347 356 2 76 -?6 2 80 7 
10 36 0-26 | H= 16, t= 9 1 82 -79 4 313 320 5s se 27 0 162 ~163 3 06-85 6 73 -67 | H= 25. t= 4 a 3ae s | Hs -27%L= 6 wt 4s a0 
120 78-77 3 42-4? 6 73 -70 7 88 cr 2 338 5 s 67 69 8 105 -108 6 248 -249 
14 1400 140 2 soe -13 5s jee -@ 8 38 35 9 358 -26 4 50 4s 7 130 -130 fo 1t2 -4112 1 127-124 8 8s! so a, | 42 a7] we 29.u= 1 
7 $3 $6 10-368 = 12 tb 378 20 6 103 109 9 38e -28 12 398 10 3 45 34 10 «(39% «at 3°77) =88 
He 166 ts 1 | He te, Ls 9 9 408 -5 12 96 a8 13° ¢9 0-69 @ 102 -102| 11 146 -145 Ss «a2 78 1204) a4 Ss 378 -5 1 3se 10 
14 63 64 10 64 65] 13 137 Lar | He 24 b= 4 7 119 116 7 4A 46 3 460-34 
2 295 299 2 165 142 be oe H= 2iet* 5 120 430-33 9 soe -42| H= 26, t= 5 2 76 17 S 124 -122 
4 542 843 4 96 97 He 6 = 23eL= 4 0 164 -174 ? 75 73 
6 302 -298 6 66 -59 1 223 220 He +22. L= 4 2 358 -6 | H= -25.t= 4 2 3ae 9 | He -27% Ls 7 9 se a9 
5 64 64 6 398 12 3 128 «133 0 46 46 1 348 -10 «50 4s 4 104 105 
10 400-38 5 185 186 2 121 120 0 165 «173 3 50 a9 6 378 45 17a 179 6 398 -32 1 155 -152| H= -20.0= 1 
12 65 =56 | H= -18, L= 10 7 99 -100 4 56 42 2 joe 33 5 368 -20 a 308 2 3 147 145 6 408 -26 3 102 =105 
14 39824 9 gee 38 6 jae -33 s 316 =28 hm er, 87 10 404-13 5 64 65 5 63 -66 1 247 -200 
o 38 ° 11 47) =36 8 42 6 101 108 9 4A -51 7 St -60| He -26-L= 5 7 es al EE eke 38 
He -18, t= 1 2 40 as 10 «53 6 sae 45] 41 45 -39 | He -24, b= 4 9 62 59 9 408 30 S 42 -40 
e 398 -6 | H= 19. t= 8 10 «97 -105 11 52 se 2 41 -36 7 37° 2 
2 601 -S5e8 6 43 -37 H= -204 = 6 12 398-6 ny o se 5 4 36 -36 | H= -27, t= 8 9 398 29 
a 43 as 1 59 52 sas 62 14 68-66 2 64 e7 | H= 25.t= 5 6 3 36 1178 a3 
6 215 214 | He -16. Le it ee) o she -18 3 38 -12 1 83 -62 4 99 ~-105 8 59-64 1 3ea4 (35 
& 125 121 5 s0¢ 27 2 69 -68 5 202 201 | H= 22..5 § 3 at 63 6 348 2h 1 98 a8 rt 3 40 -S0| We 20, t= 2 
10 5A ~52 2 408 45 4 $2 -49 7 156 -160 5 147 -148 8 160 -167 3 388 ~24 5s 76 75 
12 He 19) l= 8 6 180 178 9 368 33 2 ase -8 7 44-51 1098 29 S 38¢ -17| H= 264L= 6 7 84 =76 149 
14 1% t= oO 6 366 -16 11 9697 a 46 82 9 368 33 12 408 -35 7 79 ~78 3 37 
1 4900-87 10 3ae -6 139 94 98 6 63 -6t] 411 92 92 9 73 66 0 102 -98 | H= -277 t= 9 5 388 
We 186.t= 2 1 285 -300 3 36 “6 120 408-9 a 306¢ -24| 13 43 a3 | He 24) l= 5 2 4398 =-3 7 45 
3 51 46 5 368 -36 10 83-87 He -25. l= 5 4 408 -4 1 7s 7 2 60 
0 943 ona < 33 oes 7 105 100] H= 206t= 7 d= 23. t= 5 2 37° 6 6 4108 88 3 167 159 
2 246 <243 7 36 27 Seki eas He -22,L= 5 A 378 7 fe oie He -295 l= 2 
a 48 16 9 102 99 11 408) 19 2 388 -28 1 120 -120 6 3a -2 3 76 -76| H= -26.1= 6 
6 1st -155 1 Bo a5 a 64 1 2 70 -73 3 192 197 5 398 3 5S 172 -\76 1) tvs a6 
8 149 155 13 30 -22 | H= 1% L= 9 6 6r ~82 4 38 a5 5 48 37 7 368 31 0 ase 2 3 17a -177 
10 93 -88 15 408 9 6 408 19 6 66 62 7 mee 22] He -24, t= 5 9 380 14 2 Ant) Tea 5 92 a 
12 66-88 1 440 5h 8 ST 64 9 9 -86 1) 408) a 4 162 -166 7 116-118 
1A 400 =33 | He 190 be 1 H= -20, l= 7 10 168 -165 2 sae =i 6 53 -59 9 308 9 
H= 19) l= 9 12 s2 s3| H= -23, l= 5 4 165 186 | H= 25, L= 6 me Ey tt 408-5 
= -18+ Le 2 146 143 Cy s2 1 
ee ; 3 336 330 1 75 -70 4 jae 26 He 22.L= 6 1 160 ~164 6 364 19 1 45-55 He 2954s 3 
5 105 -105 3 198 6196 6 45 40 3 222 223 10 «630 (=67 3 390 -36| H= -26- L= 7 | He 26.t= 1 
7 65 -859 5 yee -21 8 38 -39 o 37 6-9 5 46 -40 12 408 44 5S 400 29 1 68 cA) 
9 65 -65 7 398 -29 10 998-17 2 68 -71 7 35¢ as 7 40¢ 43 2 153 -182 2 195 -195 3 130 133 
1 58 48 9 408 -37 12 408 9 4 109 14h 9 104 -104 | He 24 l= 6 ey a 3 > 3s By S ane = 5 eae = 
13° 1260422 6 S56 -S6] 11 63 -62 me = 255 Ls a 
= = = apt = sue 6 4o# -29/ 13° BI a4 0 59 -60 8 49 49 6 Jae -8 9 66 61 
15 408-21 | He -19, Le 10 | He 206 & a | He 2te & 7 Sas! ee eae ST sete ee ae 
He -19e bs 1 1 40 27 o 136 «6129 1 300 -23 | H= -22, t= 6/ m= 23, t= 6 4 pee aa . ee ye ers Ie Oi Beene oe 5 We -29, Le 3 
- 2 toa —-to8 3 98 = tok = - = -26. L= 
He 186L= 3 1 368 -377 ; ate as a 87 62 5 398 3 0 73 =70 1 9ae -32 8 418 -16 7 70 =66 © 165 (179 1 98 98 
3 97 «92 7 408 42 6 418-00 7 408 -10 2 69 m 3 jae 14 o 7 66 2 146 142 2 7h 65 3 261 -277 
ery ea ear ae 4 109 -108 5s 39 30 | He -24, Le 6 11 408) 22 * en ra . a5 zig : Bee =19 
= = -20+ L* me -2te = 7 6 35 7 408 33 = 
A ore ae BS See a Bins Mea IE), | eee Mae age tic ake a et 0 240 «239 | He 25.L2 7 6 soe 17 8 378 2 9 398 26 
4 43 =33 th 368 a3 1 408 5 o 3se 2s ' 56 =56 100-388 m= -23, Lz 6 2 66 -04 10 62 -S0 11 68 66 
* 102 102 1 40% 1] He -266 t= 9 12 69 °«-67 
10 360-08 {S66 -sH 2 586 $2 a 67 ca) 120 74 
- 1 330 -36 6 65 -71 3 408 57 295 be 8 
12 101 =108 15 95 103 | He 20. t= 0 4 s3 -53 S $7 -102 
1s 600 15 6 57 56 7 86 a6 | He 22.l= 7 3 99 98 4 3e¢ 2 2 90 -a8 | H= 28,12 2 
He 19. b= 2 0 212 220 6 398 18 9 17a 172 5 39 -30 100-39 -13 | He -25. t= 7 4 79 -a3 1 64 04 
We -166 Oe 3 2 212 -206 10 56 -s7 un 408 36 2 39¢ 23 7 196 -162 a o 204 267 3 s3 “6 
1 78 7 4 220 214 a 398 4 9 jee 11! He 200t= 7 1 360-41 | He 27. t= 0 2 40 -39 5 41 -ar 
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«FO FC « FO Fc kK FO FC « FO FC kK FO FC kK FO FC « FO FC x FO FC kK FO fc x FO Fe «FO Fc «FO Fc 
H= 29.42 4 4 65 -72 2 74 13 3 408 -1 4 408 39 He -33. L= 5 a 57 s7 1 398 ° 
1 4ie 4 6 59 6. 2 398 -20 5 408 -31 6 46 ~52 | H= 33, b= 1 6 408 5 3 100 -101 2 400 ry 
7 408 -30 6 416 1 4 $8 -98 | H= 31ete 3 1 76 80 6 120 121 5 79 7. 4 4a m4 
He 30. 4= 0 6 406 at He -3te L= 68] H= -32e Le 3 1 398-9 3 39 «15 
He -29, l= 4 He -30, t= 3 1 398 22 3 390 136 5S 408 27 | H= 34. t= 3 | H= 35, t= 2 | He -36, 15 2 
0 198 192 H= -30. t= 6 3 80 87 1 “1 2 100 102 5 68 -66 7 410 -36 
1155) 856 2 368 -11 2 416 413 5 70 -68 3 -2 4 139 -tar 7 48 “9 2 418 30 1 408 o o 151 -156 
3 368 «27 4 98 108 4 99 -103 Oo 408 9 7 410 ~2 6 398 2t He -33. l= 6 3 45 40 2 91 9s 
5 S33 -s6 6 132 -134 6 378 32 2049 368 H= 32eL= 0 8 55 50 | H= -33e5 t= 1 We -34 t= 3 4 408 -41 
7 45 08 8 102 -102 8 398 9 4 408 -6 | We -31et= 3 2 56 <se2 He -35.t= 2 
9 398 -37 100 408-14 100 408 9 © 37e -31] H= 32. t= 4 1 388 -12 3 408 -44 2 398 -20 He -36, ts 3 
H= 3ie l= OO 4 82 -83 2 83 -84 3 41-39 Ss 408 26 4 398 -22 1 132-129 
We 20. 1= S|] He 306t= 1] He 30002 4& 3 376 -18 4 360 41 Oo 1s 123 5 398 -10 6 408 -10 3 91 93 2 52 s7 
1 368 3 5 102 -99 6 398 ° 2 408 -10 7 123 129 | He -33. t= 7 s 4 36 4 408 6 
1 40% 10 2) 48 45 ° 70 7 3 83 on 7 396 30 6 408 20 H= -34. l= 4 
aoe -16 4 65 63 2 ss -s1 js Wines: [ate 9 408 12 He -32e Us 4 |] HE 336 b= 2 1 408 10 H= -35. t= 3 | He -36. t= @ 
5 s0e -3 6 38° < 4 408 5 7 109 -107 He 32eL= 2 3 42 -39 0 165 -166 
8 44 -47 6 408 -a1 9 408 33] H= Sie t= 4 o 76 cat 1398 -20 2 399 4 1 398 -31 0 408 -14 
He -29) l= 5 100 4te -23 2 388 13 2 3ee 28 3 40 17 | He 34 t= 0 4 396 -32 3 408 1a 2 40% -23 
He -30e t= 4] H= 3ie t= 1 1 408 25 4 55 se 4 30% 36 5 408 17 6 98 104 5 es 60 4 59 ST 
1 620-61 | He -305 = 1 3 408 -39 6 53 a4 6 398 -s 0 398 14 
3 37%) «10 0 206 -213 1 70 1? s 38 6 406 -12 a 44 35 | He -33. b= 2 2 390 17 | He -34. t= 5 | Hs -35. t= 4 | H= -36- t= 5 
6 72 -72 2 36 6 2039 =a 3 378 -10 a 68 -65 
7 a7 84 * 89 -88 4 62 60 5s 3ae 8 —3te l= @ | We 325 be ot] He -32.0= 5 1 jee =t 6 02 86 wg 39 4 49-07 2 121 444 
9 66 -64 6 37% -22 6 56 -56 7 126 -131 3, tse 24 4 408 26 ay S68 59 
6 82 60 6 99 95 9 76 7 1 37¢ -20 2 378 ° 2 3 86 5S 396 38 | = 34,t= 1 6 41e -5 5s sz 65 | t= 37% t= 
He -29,L= 6 10 408 = 40 190 46 ag 3 64 64 4 114 -109 4 398 -23 7 408 15 
He -31e l= 1 5 388 32 6 65 -69 6 408 10 2  39¢ 30 | He -34, t= 6 | H= -35-t= 5 1 418 -35 
1 42 | He 30, t= 2] H= 30, t= 5 7 46 53 8 40 5. 6 ale -19 | He 33. b= 3 4 69 66 
3 -27 Ry) ST, 9 408-3 6 86 -90 o 42 “6 1 60 $5 | H=-37- t= 1 
5 8 o 378 16 2 408 -24 3 98 H= 32+ l= 2] H= -32e t= 6 1 48 50 2 408 -9 3 56 ae 
7 7 20 49-42 5 687 He -3te Le 5 3 408-2 | He 34, L= 4 78 " 1 99 cy 
9 56 4 43 -4t] He -30.t= 5 7 #78 o 4 34 o 118 112 He -35. L= 6 3 4te -12 
6 398 29 9 408 1 66 63 2 398 4 2 398 e| w= -33. l= 3 2 398 1 |W 35.42 0 
He -20. b= 7 6 57 -60 2 378 -13 3 127 -131 4 398 26 4 52 -56 4 116 -118 1 400-87 | He -37%, Le 2 
4 30 24] He Sie t= 2 5S 398 20 6 60 ~62 6 78 74 Us 98 96 6 59 56 1 79 «-75 
1 80 62 | H= -30, t= 2 6 396 ~32 7 69 -74 3 108 -115 3 68 55 | H= 365t= 0 1 Te =-73 
3 89 «-s2 a 406 36 1° 75 74 He -32. b= 2/ Ha -32, L= 7 5 ot a3 | We 34. l= 2 s sz “6 3 1400 138 
5 92 100 o 93 93 3 36¢ 27] He -3iv t= 6 7 408 -22 0 408 2 
7 #08 -5 2 67 63 | W= -30. l= 6 5 300 #19 o 43 st Rin Oe a2 0 135 127 | He 35.b= 4 2 11 109 | WH -37, t= 3 
4 93 89 7 155 -162 1 125 © t22 2 st -39 4 408 7 | He 4 2 67 -62 a 61 se 
He -20, l= 8 6 17 -72 o 658 3 v2 =72 s jee 41 4 408 -29 1 60 34 1 408 ~39 
6 122 -124 2 108 H= -31e t= 2 5s 40 35 6 46 So] H= 33, t= 0 4 12 3 63 So | He 365.05 14 3 122 122 
1 9 75 -75 10 «587 62 as 46 7 49 an 6 80 -e5 3 is t= 2 5 o4ne 7 
3 409 -33 6 4 a7 1 419-1168 1 388 = =20 s -18 2 104 ge | He -37. t= 48 
5 64 63 | We 305s 3 8 406 22 3 $8 -S7| He -3iets 7 | He 32, l= 3 3  3ae ~-33 7 181 se 0 9 -97 | He -35.e= 1 
5 66 73 Ss 87. 63 2 se -s2 He -36, b= 1 1 55 -53 
9 2 42 33 | He -306 Ls 7 7 39° 2 1 60 59 2 soe -25 7 69 -70 
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TABLE 36 


Positional parameters for one unique portion 
of the disodium maleate monohydrate structure. 


Atom x/a y/b z/c 

Na (1) 0.06865 (2) -0.08777 (4) -0.05251 (6) 

Na (2) 0.19473(2) 0.24508 (4) -0.23141 (6) 

0(1) 0.04766 (3) 0.12301 (7) 0.07167(11) 
0 (2) 0.08617(3) 0.19681 (8) -0.21138(11) 
0 (3) 0.19700 (3) 0131393(7) 0.12467 (10) 
0 (4) 0.20558 (4) 0.53586 (8) 0.15176 (14) 
od ib 0.06585 (3) 0.21468 (8) -0.04052 (12) 
C2) 0.05716 (4) 0.35364(9) 0.03766 (15) 
C (3) 0.10179 (4) 0.44445 (8) 0.11248 (15) 
c (4) 0.17352 (4) 0.42990 (8) 0.13125(12) 
0(5)" 0.17796 (3) 0.13178(8) 0.43795 (12) 
OH(1) 0.2079 (9) 0.0890 (19) 0.4287 (29) 

OH (2) 0.1776 (9) 0.1856 (21) 0.3370 (31) 

H(2) 0.0105 (7) 0.3765 (14) 0.0346 (23) 

H(3) 0.0868 (7) 0.5355 (16) 0.1625 (22) 

‘ This is the oxygen atom of the water molecule; the two 


hydrogen atoms bonded to it are designated OH(1) and OH(2). 
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FIGURE 30 


A computer produced diagram of one maleate di-anion 
showing the conformation assumed by the species and 
the numbering scheme of this analysis. The thermal 
ellipsoids are scaled to include 11.5% probability. 


Results and Discussion 

Bond distances and angles for this structure were derived as before 
from the atomic positional parameters; their estimated standard devia- 
tions average 0.001A and 0.02K for X-X and X-H respectively, and 0.1° 
and 1.0° for the angles X-X-X and X-X-H. The bond distances and angles 
within one maleate di-anion are given in Figure 31. The distances in 
the water of crystallization are 0(5)-OH(1) = 0.77(2)A and 0(5)-0H(2) = 
0.86(2)A respectively, and the angle between these bonds is 100(2)°. 

That the removal of the protons from the two carboxyl groups has 


resulted in some electronic reorganization within these groups is evident 
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FIGURE 31 


Bond distances and interbond angles for the maleate 

di-anion. Distances X-X and X-H have e.s.d's of 

0.001K and 0.02A respectively. Error estimates 

for the angles X-X-X and X-X-H are 0.1° and 1.0°. 
from a comparison of the carbon-oxygen bond lengths of the species 
presently under discussion with those obtained previously. The maleic 
acid molecules were found to exhibit two C= =0 bonds of length 1.220A 
and two C-0 single bonds 1.302A long. Neither of these dimensions is 
exemplified here, but rather all four bonds are of intermediate length. 
This phenomenon of electronic redistribution upon ionization of a car- 
boxy] group is well known and understood in terms of equal bond orders 
for the two carbon-oxygen linkages. In the present structure differ- 
ences of 12 and 14 times the nominal 0.001K e.s.d. in these bond distances 


are apparent, and a difference of 300 is observed between the means of the 


C-0 distances within each carboxyl group. Even allowing that the e.s.d's 
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182. 
are underestimated by 2/3 of their true value, these first differences 
are still significant and some explanation must be sought for them. 

Figure 30 shows that when the molecule Is viewed parallel to the 
plane of the carbon atoms and from the side which bears the hydrogen 
atoms, i.e., imagining the view from the top right-hand corner of the 
diagram, the carboxyl group 0(1), C(1), 0(2) is twisted with respect to 
the spine, and 0(2) is closer to the molecular centre than is 0O(1). 

This diagram also shows that the other carboxyl group is approximately 
coplanar with the carbon spine and that, from this aspect, O0(4) is 
nearer the viewer than is 0(3). With this information in hand, a care- 
ful examination of the molecular packing diagram, Figure 32, reveals 


several pertinent points: 
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FIGURE 32 


A stereoscopic pair diagram showing the crystal 
structure of disodium maleate monohydrate. 
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(i) Oxygen atom 0(1) is coordinated to three sodium ions and 

has approximate tetrahedral geometry. 

(ii) Oxygen atom 0(2) is coordinated to two sodium jons and has 

approximate trigonal geometry. 

(iii) Oxygen 0(3) is coordinated to two sodium ions and a water 

molecule and has approximate tetrahedral geometry. 

(iv) Oxygen 0(4) is coordinated to one sodium ion and a water 

molecule and has approximate trigonal geometry. 
For easy reference these facts are summarized in sketch form in Figure 33. 
Information derived from this analysis proves more confusing than enlight- 
ening. It would be expected that the A hybridized 0(2) and 0(4) atoms 
should exhibit the shorter of the two C-O bond lengths within their 
respective carboxyl groups. That this expectation is borne out only in 
one case is not understood at this time. 

There are two major differences between the two carboxyl groups. 
The atoms 0(3) and 0(4) are both acceptor atoms in hydrogen bonds to the 
water molecule. These bonds surround the 2, screw axes parallel to 
(010) and link the di-anions in infinite helical chains parallel to the 
unique b axis. This hydrogen bonding scheme has been included in the 
lower right-hand group of molecules in Figure 32. The fact that these 
oxygen atoms accept some electron density from the water molecules would 
increase their bonding potential and shorten their linkages to C(4). 
The two hydrogen bonds are 2.7858 and 2.846 long and have deviations 
from linearity of 20° and 12° respectively at the hydrogen atoms; they 
are therefore typical linkages of this type. 


The second difference between the two carboxyl groups is that the 
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A diagrammatic representation of the environments of the five 
oxygen atoms of the disodium maleate monohydrate structure. 


€€ JAVOIF 
gid - to  e-eduinite ug it saan 


t63ne2e919G87 Vi temmBipsib A 
mulbozib ott Yo emots AOPYXO 


185. 
one exhibiting the shorter C-0 bonds is much more nearly coplanar with 
the ethylenic system than is the other (see Table 38). Although this 
may be an important consideration, the marginal difference in C-C00 
distance (0.009A) would imply chat little resonance occurs over the two 
7m systems. The further fact that these two lengths are both slightly 
greater than the comparable bonds in maleic acid (1. 482A average), where 
resonance was not considered important, also argues against significant 
t orbital interaction. 

Deviations of the other molecular parameters from ideal values can, 
in part, be attributed to the mutual repulsion of the negatively charged 
centres and their attraction for the positive sodium ions. The two 
0-C-0 angles are both significantly greater than 120° as are the angles 
at C(2) and C(3). The fact that the larger distortions are associated 
with that end of the molecule to which 0(1) and 0(2) are attached prob- 
ably reflects the observation that these two oxygen atoms are involved 
in a total of five bonds to Na’ ions, whereas 0(3) and 0(4) only parti- 
cipate in three such linkages. 

Both independent sodium ions of this structure are five coordinate 
and reside in square pyramidal vacancies formed by oxygen atoms. 

Figure 34 presents the details of the coordination around Na(1) (part A) 
and Na(2) (part B). Coordination numbers ranging from 4 to 9 have been 
observed for either oxygen or fluorine bonding to Na”, but of the 38 
citations by Shannon and Prewitt, only 7 were to compounds exhibiting 
coordination number 5, hexa-coordination was represented by 15 entries, 
and hepta-coordination was found for 7 compounds. According to the 


results of their survey, Shannon and Prewitt conclude that the effective 
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TABLE 38 


A results summary for the least-squares planes for the maleate di-anion. 


(a) Distances from the planes (A x 10") 


Atom | 11 Itt 
Ee a ee eee 
CCL) -20%* -206% 7427 
C (2) 70* 85% 3306 
fii) -70* -9263 5x 
c (4) 22% -22563 -13% 
0(1) -10389 64x -639 
0(2) 9988 73% 18470 
0(3) -3150 -27067 3* 
0 (4) 3346 -28340 5% 
H(2) =57 8584 2833 
H(3) -164 7302 -2784 
t Atoms used to define the plane. 
(b) Terms in the equation 1x + my + nz - p = 0 and 
x4 values for the planes 

Plane XR m n p pA 

| 0.1147 0.3558 =O59275 1.1654 125.79 

1] -0.8510 0.0400 -0.5236 -0.9748 1184.84 

ae 0.0846 0.0704 =0,.9939 =On2 103 3.89 


(c) Dihedral angles between the planes 


Plane | II an 
| 0 16.9° 66.2° 
VI e) 63.1° 
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O4)x-4-y-2-/5 


FIGURE 34 

A sketch showing the distances and angles of the coordination 

pattern for the sodium ions. Part A refers to Na(1) and the 

environment of Na(2) is depicted in part B. Nominal e.s.d's 

for these parameters are 0.00084 and 0.03°. 
ionic radius for penta-coordinated Na” is 1.00A. Using the reference 
value of 1.404 for Daal (hexa-coordinated), the equilibrium Na-O distances 
may be expected to be about 2.404 in length. The average of the ten 
Na-O distances in this structure is 2.402A but there is a spread of 
+0.08A about this mean value. No simple rationale has been discerned 
for this spread or for any one deviation from the expectation value. 

That the ionic packing within this crystal structure is complex is 
readily appreciated from a study of Figure 32. This packing diagram 
is a view of the structure along a direction slightly displaced from the 
b axis. Using stereoscopic viewing glasses, the sodium ions (dark balls) 
may be seen to hang in space inside the square pyramidal volumes which 


their ligands define. One important bonding interaction which contri- 
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butes to the binding energy of this structure is the hydrogen bond chain 
running nearly parallel to the viewer's line of sight near the bottom 
right-hand corner. Another, and probably more important, interaction 
is that between the various pyramids. Two members of a chain of alter- 
nately "up!' and ''down'' pyramids of Na(1) coordination polyhedra sharing 
their 0(2)-0(5) edges may be seen near the middle of the diagram and 
running from centre left to top right. That these pyramids are exten- 
sively distorted is evident from this diagram which also indicates one 
reason for the distortion. The face formed by the atoms 0(1), 0(5), 
0(1)' [where 0(1)' is a symmetry equivalent to 0(1)] of the left-most 
end of the chain just mentioned is seen to have 0(2) overlying its 
centroid. This forces 0(1) away from its (assumed) preferred position 
overlying the Na(1) ion and the centroid of the base, and accounts for 
the 115.2° and 118.2° angles for 0(1)'-Na(1)-0(1) and 0(5)-Na(1)-0(1) 
respectively. Other edge-to-edge contacts of the pyramids may be seen; 
two members of another alternating up-~down--up chain, this time invol- 
ving the coordination polyhedra of Na(2), may be seen running through 
the structure from the bottom left corner to about 1/3 of the way up 
the right-hand side. The distortions of this pyramid are also fairly 
easily explained if it is noted that one edge of this polyhedra is 
formed by 0(2) and 0(3) from the same maleate di-anion. The fact that 
these two atoms are part of the same covalent structure imposes its 
constraints and a distorted pyramid results. No face sharing of these 
polyhedra exists but three pyramids do share a common vertex. Oxygen 
atom 0(1) just slightly below the centre of symmetry in the middle of 


the structure is part of pyramids sharing their 0(1)-0(1') edge, and 
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situated one above the other (above and below here mean in the plane 
of the paper), as well as being at one vertex of an incomplete pyramid 
to the left. 

A final point of interest with respect to this packing diagram is 
that the maleate di-anions are held together in an edge-to-edge manner 
by sodium ion and water molecule bridges. The water molecules and 
sodium ions occupy the spaces between the discontinuous sheets formed 


by this arrangement. 
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190. 
3.4 CONCLUSIONS 
The structural information which is available for a total of nine 
maleic acid/maleate anionic species is summarized in Table 39, and the 


key to which these entries refer is given below in sketch (XXXI). 
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(XXXI) A key figure for use with reference to Table 39 


The distances reported for KHC2£Ma% were corrected for the effects 
of thermal vibration according to the riding motion Teton 
No other entries in Table 39 were corrected for these effects. 

The first three compounds in the tabulation refer to the fully pro- 
tonated form of maleic acid. Remarkable constancy of the various bond 
distances and interbond angles for this species is evident from these 
entries, and indicates that the molecular environment is not, with one 
exception, an important factor in determining its geometry. The largest 


variation within the three maleic acid systems is in the torsion angle 


about the C-COOH bonds. The smallest value given is 0.0° for the car- 
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TAbiE3s9 


A summary of the geometry of maleic acid/maleate anion structures. 


(a) Distances 


Compound a b c d e f 9 h tig, IA) Ref. 
— eee Oe eye ne es ere An wariline snd thas ea whee oie FANE Ss ee 
HoMak 2.504 0.91 1.304 1.218 1.488 de te / 1.475 1.300 Le222 0.002 This work 
ericparte acct ef act get] 2- ABP Ob Brg) 297g e225 fyle492, 1-349, ABS e300 1.223) ey a 
Ze az 1.03 1.305 he zallis) 1.503 1.344 1.487 1.310 1.225 
Brompheni ramine HMag 2.417 1.08 1.292 1.209 1.497 1.329 1.481 1.230 1.265 0.006 This work 
Chlorpheniramine HMa2— 2.444 0.87 1.280 1.209 1.489 1.331 1.486 1.236 1.266 0.006 This work 
KHMa& 2.437 1.22 1.284 1.235 1.498 1.348 1.498 1.235 1.284 0.004 120 
KHC 2Maz 2.411 1.207 1.284 1.230 1.524 1.349 1.512 1.244 1.288 0.002 121 
cis aconitate 2.425 1.13 1.291 1.235 1.485 1.345 1.519 1.230 1.287 0.002 137 
Na,Mat 3.151 = 1.293 1.281 1.506 1.336 1.495 1.250 1.264 0.001 This work 
mean HoMat 2.496 0.9] 1.302 1.222 1.494 1.343 1.482 1.303 ile2es 
mean HMat 2.427 1.10 1.286 1.223 1.499 1.340 1.499 1.235 1.278 
(b) Angles 
Compound Pp q r s t u v w a B o(°) Ref. 
H Mat 119.8 121.4 118.9 131.6 128.2 125.1 12226. izes 0.0 2.3. 0.) This work 


W828 1204 2S = Sea eyes 24S Sey, men sity) moet 4.0 0.2 118 


tricyclic alkene acid 
119.0 120.6 122.3 130.5 D273 124.2 Wa AUS ~ yar/ 19.5 


Brompheni ramine HMae- 118.6 119.3 ell 131.0 130.2 119.9 123.2 116.9 8.4 6.7 0.4 This work 
Chlorpheniramine HMaz =-:118.8 120.3 120.9 131.5 129.8 120.0 123.4 116.7 1.5 7.4 0.2 This work 
KHMa& W720 120.3 2257 130.4 130.4 120.3 122 etm lilyO 0.0 O70" LOZ 120 
KHC2Mar 118.0 118.6 23.3 130.6 129.5 120.3 N22 07 era li7tO 8.5 S050 x1 121 
cis aconitate Wiel 120.9 122.0 132.9 126.9 119.6 eter  iUnitsh7/e alka sc Jicly woe 137 
Na,Mat 113.2 120.6 126.1 129.5 126.5 118.6 125.2 116.2 66.3 -16.9 0.1 This work 
mean HoMae 119.2 eA eal} 120.9 EW ae 127.6 124.7 VZ059) Hil sae 
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boxyl group bearing the intramolecularly hydrogen bonded hydrogen atom 
in maleic acid; and the largest (19.5°) is for the intramolecular hydro- 
gen bond accepting carboxyl group in one of the two independent molecules 
in Hechtfischer and co-workers! tricyclic alkene diacid. Other entries 
in the table imply that non-zero values of the same sign are to be 
expected for the two torsion angles and that the above two values are 
unusually small and large respectively. That these torsion angles are 
highly variable quantities is apparent from an examination of the table. 
The amounts by which the carboxyl groups are twisted out of the plane of 
the carbon spine does not seem to be correlated with the oxygen-oxygen 
separation across the intramolecular hydrogen bond. The suggestion of 
Hechtfischer and co-authors that the large difference in this parameter 
between their two molecules was the result of different inter- rather 
than intramolecular forces seems attractive, since it is difficult to 
explain the wide variation of these angles on intramolecular grounds. 
Table 32 indicates that the two oxygen atoms involved in the intramole- 
cular hydrogen bond [0(1) and 0(4) in the numbering system there] of 
the maleic acid molecule are not on the same side of the carbon spine. 
This is an unexpected result if one accepts the above generality that 
a and 8 should have the same sign. Intermolecular attractive forces 
arising in part from the interaction of the C(4)-0(4) single bond with 
other C-O bonds in another layer were postulated above, and it is 
thought that these interactions are probably strong enough to pull 0(4) 
down slightly below the molecular plane, so that its equilibrium posi- 
tion is on the same side of this plane as is 0(3). Thus, apart from 


the doubtful case of potassium hydrogen maleate, it is seen that the 
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maleic acid and the maleate mono-anion both have some of their molecular 
strain relieved by rotations of the carboxy] groups about their C-C 
bonds. It is difficult to understand why these deformations are such 
as to place the two oxygen atoms of the intramolecular hydrogen bond on 
the same side of the plane of the carbon atoms, but the general nature 
of this effect cannot be denied. 

The tentative generality suggested above - that the two C-C00 link- 
ages of these species were not the same - seems, at first sight, to be 
borne out here. With the only exceptions cis aconitate and KHMa’, 
distance e is greater than its counterpart g. The last two entries in 
the summary table are the average values for the unionized and singly 
ionized forms of maleic acid. The HMag- entry indicates that for this 
species distances e and g are equivalent. The differences in these 
quantities for maleic acid have already been discussed (page 155) where 
it was concluded that supporting evidence for the existence of a pre- 
ferred direction for electronic resonance to occur was not available 
from other bond lengths within the molecule. 

A more consistent difference between molecular parameters which 
would be expected to be equivalent is that involving angles s and t. 
Table 39(b) shows that in all nine structures angle s is greater than 
angle t. This observation is again difficult to explain, particularly 
in view of the fact that in maleic acid the smaller angle (t) is at one 
of the two carbon atoms between two cis m electron clouds and would, on 
a charge repulsion basis, be expected to be larger than s where the two 
double bonds are trans with respect to bond e. It is worth pointing 
out in this context that angle s is invariant in all three species, 


whereas t increases by ca. 2° when the ''exocyclic'' proton is removed, 
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and then decreases by 3° at the second ionization step. This decrease 
is possibly due to the fact that bond i changes character considerably 
when the intermolecular hydrogen bonding hydrogen atom is removed. 

In the average H Mak structure, i is 1.223A in length and typifies a 
normal carboxylic C===0 bond; heas 1.303A in length and is therefore 

a normal C-0O bond of the type found in carboxylic acids. Upon ioni- 
zation it appears that i and h exchange roles - the higher bond order 
being now associated with h. This would mean that, with respect to 

C-0 bond order, atoms 0(2) and 0(3) become more similar and would there- 
fore exert more nearly equal attractions for the hydrogen atom. This 
would result in a moving inwards of both 0(3) and C(4) with the concom- 
itant decrease in angle t and a movement of the proton towards the 
centre of the 0-0 bond. The subsequent increase in angle t when the 
second base dissociable proton is removed is thought to be the result 

of ionic repulsive forces between the two carboxylate anions. Corro= 
borative evidence for these assertions is provided by an examination of 
the 0(2)-0(3) separation as a function of net charge on the species. 
Distance a is seen to decrease at the first ionization (and b increases) 
but then increase to 37151 when the second proton is removed. Distance 
d changes from 1.222 in H Mat and HMag to 1.281 in MERA, and as well as 
this change atom 0(1) shifts its position relative to the rest of the 
ion, so that angle p decreases by ca. 6° and angle r increases by a like 
amount. Since c and d are of similar magnitude in the re ca TOs: We 
would be expected that angles p and q would also be similar. The fact 
that they differ by 7° was attributed in the disodium maleate results 


and discussion section to their different ionic environments, and this 
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195. 
"explanation'' is adhered to here. 

Throughout all of these changes in the geometry and charge on the 
system, several quantities remain constant. The length of the C= =C 
bond (f) is one such parameter which shows little variation. Another 
fixed geometrical parameter seems to be angle s which has values 131.2°, 


Lslesgemand 129.5" respectively for H,Ma’, HMa& and Halo. Angle q, 


2 
which is the C-C-0 angle to the single bonded oxygen atom of the hydro- 
gen donor carboxyl group in the intramolecular hydrogen bond, also 
remains constant as the protons are removed. 

Unfortunately it cannot be said that the results herein discussed 
have explained the problem of the symmetric/asymmetric hydrogen bond. 
Apart from the facts presented in Table 39, the main result of this work 


is given below in sketch form wherein attempt is made to depict the most 


probable electronic configurations for the HMak, HMa& and Nat eeceetaee 


(XXXI1) Probable valence electron distributions 
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Future crystallographic work in this system would be valuable 
particularly for the HMa& and Waren species. It is Suggested that 
an investigation of the effect of the cation on the structure by study- 
ing the Li,Mar and/or the K Mak structures could well determine whether 
the conformation of the anion adopted here is an intrinsic property of 
the species or is forced upon it by various packing forces. A set of 
satisfying theoretical calculations for this system which made no assum- 
ptions regarding the symmetry of the species would also be helpful in 
understanding this system. 

An interesting offshoot of this work is in the relationship it has 
to the work of Glusker et al. on the substrates of the enzyme aconi- 

(137,143) 


; ‘ é ate 3 F 
tase ‘i This protein is a metallo (eo ) enzyme active in the 


tri-carboxylic acid cycle in the inter-conversions of citrate, iso- 


Gini t cen Xue lye ander LSwaiconbtate oxxx) OAD 
HOOC-CH;C-CHsCOOH = HOOC-CH-CH-CH-COOH 
COOH COOH 


(XXXII11) Two substrates of the enzyme aconitase 


(145) 


In Glusker's proposal for the mechanism of aconitase activity, 
the citrate or isocitrate species are bound to the ferrous ion through a 
central and a terminal carboxylate ion. The coordinate linkages to the 
enzyme are assumed to be via an axial and an equatorial position at the 


metal ion. With these two linkages to the protein and a third via the 


remaining terminal carboxy] function, it is presumed that the iron atom 
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197: 
rotates on its axis by about 90°. This process would first expose one 
surface of the bound substrate to the enzyme and then the other. 
Detailed arguments relating to the known stereospecificity of the sub- 
strate(s) and product(s) follow, but for the purposes of this comment 
it is sufficient to note that the proposed mechanism depends upon the 
Meal ois portion of the enzyme bound intermediate (cis aconitate) being 
able to accommodate the suggested conformational change. The present 
study has shown that the maleate di-anion can adopt a non-planar con- 
formation and so supports Glusker's contention. One minor point 
remains to be clarified: In Glusker's original drawings one carboxy] 
group was always approximately coplanar with the ethylenic bond, 


(143) 


whereas in her most recent paper seemingly equal torsion angles 
(a and 8 of sketch XXXI) are proposed. Because of the result found 
here where approximate coplanarity of one carboxyl group is retained and 


the other is rotated through a large angle, it is felt that the earlier 


drawings probably more closely represent the truth. 
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198. 
PART 4 


Computer Programs Used 


4,1 INTRODUCTION 

The set of crystallographic programs of F.R. Ahmed et water of 
the National Research Council of Canada, Ottawa, were used throughout 
the course of this work. This set provided an excellent nucleus for 
the solution, refinement and analysis of crystal structures, but where 
appropriate the FORTRAN coding of other people was used as well. Ref - 
erences to such other programs as ORFLS, ORTEP, and SUPER (P.D. Cradwick) 
are incorporated into the body of this thesis. 

Several FORTRAN programs, useful in X-ray crystallography, and in 
general use in this laboratory, were written by the author and are 
described below. As well as these new programs, significant modifi- 


cations to two of the N.R.C. programs were done by the author and these 


are also described below. 
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heb: 
4.2 ALPHA 

The utility of this program lies in its ability to translate the 
set of numbers which comprise a Fourier map (electron density, vector 
synthesis or difference map) into an equivalent set of single characters. 
By a suitable choice of map grid it is possible to obtain printed 
sections which are true to scale, of sufficiently fine resolution, and 
of manageable size. 

Both the set of alphanumeric characters to be used for the com- 
pressed map and the range to which these correspond are set by the user. 
Also, under the control of the user are the FORMAT specifications which 
control the printed output. 

A complete listing of the FORTRAN coding of this program is given 


below. 
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900 
901 
902 
903 
904 


905 


906 
907 
908 
909 
910 
911 


912 
913 


21 
23 


PROGRAM *ALPHA® 
PROGRAM TO OUTPUT A PREVIOUSLY CALCULATED FOURIER MAP IN 
ALPHANUMERIC FORMAT ACCORDING TO USER SPECIFICATIONS 
MeNeGeJAMES AND GeJeWILLIAMS UNIVERSITY OF ALBERTA JULY/70 


OIMENSION AND TYPE SPECIFICATIONS 


DIMENSION AC 151476)+0P(50)6¢FMT1(20) »FMT2( 20) «L TOP( 130) +LDOWN (151) 
DIMENSION TITLE(20) sALINE(131)eLLSTB(12) +ODX(3) +W( 32) »Q432) 
OIMENSTON XMIN(3) 6 8X(3) 6 XMAX(3) oXX(3)eJSER(C 12) 

INTEGER TAPIN+PRINTRs READRs SECTNO¥PX (3) 

REAL LAMBDA 


FORMAT STATEMENTS 


FORMAT (2044) 

FORMAT(*1%.5Xe*SECTION NUMBER" +14610X»20A4) 

FORMAT(50A1+3F10«5) 

FORMAT(*O IOENTIFICATION OF INPUT TAPE IS*,I9) 

FORMAT(*0 UNIT CELL CONSTANTS ARE" +/ 6X "A=" oF7 40/5 6Xe B=" FT eho / 
Xp OXe "C=" 9 FT oO e/ 4 2Xe ALPHA=" oF 1006474 3X 9" BETA=" F10064742% 5 GAMMA 
X+F10.6) 

FORMAT(*OORDER OF THE AXES IS" +6Xe*X=K(*s 120") *e6Xe*V=XC tel 2e 8) he 
LOXe*Z=XC 4 eT 24) e//7 2TXe ORIGIN’ 6Xe* BASE *y6Xe'K MAXet ¥6Xy"NOe 
2OF PTSes2Xe"DELTA'+6Xe*DELTA(AsUs)*s /*OHORIZONTAL AXIS IS X(1)* 
3eF10656F12044F 106541 14+2F1265+/*00B8LIQUE AXIS IS XC2)" eF1005¢ 
BF12046F 106541144 2F12654/*OSECTIONS OF *+9Xe*X(3) 4s FlOeSeFl2eas 
5F10.54114,2F12.5) 


FORMAT(*O THE SYMBOL ASSIGNMENT IS-*) 

FORMAT C21Xe*<* Fl e2eSXeAl) 

FORMAT(10XsF10e2e* — *eF104e265XeAl) 

FORMAT (21X64 >*sFlle2e5XsAl) 

FORMAT(*O 68LOCK COMPLETED FOR* o14s* SECTIONS*) 

FORMAT(*0 THE USER SPECIFIED OUTPUT FORMATS ARE*+2Xs20A4s 
x 739% *AND* + 2X520A4) 

FORMAT(*1 *.20A4) 

FORMAT( IS) 


INITIALISATION OF VARIABLES 
RAD=57.2958 

READR=S 

PRINTR=6 

TAPIN=13 

OO 1 I[=1,151 

TF(I-130) 20263 

J=I710 
o*J 

L=I-K 
LTOP(T)=L-1 
LTF(LTOPCT)6EQs-1) LTOP(I)=9 
LOOWN(T)=I-1 

DO 4 M=1476 

AC TsM)=0.0 

CONT INUE 
CONTINUE 
DATA OP/S0**# #7 


READ CONTROL INFORMATION FROM CARDS AND TAPEsOUTPUT THIS 
ON THE PRINTER 


READ(READR,900) TITLE 
WRITECPRINTR*912) TITLE 
READ(READR.900) FMTL 
READ(READR+900) FMT2 
READ(READR, 902) OP + AMIN» ATOP sAINCR 
REAO(REAOR+913) IBLOCK 


POSITION THE INPUT FOURTER TAPE 


READ(TAPIN) ID 

WRITE(PRINTR»903) IO 

READ(TAPIN) JOBsLST»ISERL+NLISTs(LISTB(1) + JSERC I) +1=1512) 
READ(TAPIN) LST¢+I SERL +NRCRD »NWORD 
READ(TAPIN) AAs B+CyALP+BETs+ GAMel AMBDAeVeCS 
ALP=ALP#RAD 

BET=BET*RAD 

GAM=GAM*#RAD 

WRITE(PRINTR+904) AAyB+CyALP+BET+ GAM 

00 6 I=1+3 

READ(TAPIN) (W(L)eL=1+NWORD) 

READ(TAPIN) LST»ISERL +NRCRO+NWORD 

00 7 I=1.NRCRD 

READ(TAPIN) (Q(L)sL=1+NWORD) 
NVAL=IFIX(CATOP-AMIN) ZAINCR) 

WRITE (PRINTR»906) 

WRITE(PRINTR+907) AMIN-OP(1) 

00 8 =1sNVAL 

BOT=AMIN+( 1-1) *AINCR 

TOP=BOT+AINCR 

J=1+2 

WRITE (PRINTR+908) BOT+TOP,OP (J) 

CONTINUE 

WRITE(PRINTR,»909) ATCP.OP(2) 
WRITE(PRINTR*911) FMTISFMT2 

0G 23 M=1,IBLCCK 

READ(TAPIN) ULST.»NBLOCK+NBLOCKs NBLOCK 
READ(TAPIN) NBLOCKs I1+l2el3esNCOLS»+(XMIN( I) +BXCL) + XMAX(T Ds 
x PX(T) +XX( 1) ¢00X(T)+1=163) 
WRITE(PRINTR¢9OS) Tle l2¢13e(XMIN( 1) sBX(1) eXMAX(T) oe PX( I) 
x XXCT) sOOXCT) + 1=1+3) 


SET UP THE DO LOOP RANGES AND PRINT THE SYMBOL ASSIGNMENT 


NACC=PX(1) 
NDOWN=PX(2) 
NSECTS=PX(3) 
SECTNO=0 


TRANSLATE AND OUTPUT THE MAP — ONE LINE AT A TIME 


WRITE(PRINTR+901) SECTNOe TITLE 
WRITECORINTReFMTL) (LTOP( IT) + T=1+NACC) 


READ ONE SECTION 


READ(TAPIN) ( (ACI +J)+1=1+NDOWN) «J=1eNACC) 
SECTNO=SECTNOF1 

0O 10 I=1+NOOWN 

DO 11 J=1+NACC 

VAL=A( I +J)-AMIN 

IFCVAL) 15415916 

ALINE (J)=OP (1) 

Go TO 11 

TFCAC Ly J)-ATOP) 16617617 
ALINE(J)=OP(2) 

Go TO il 

NPIC=IFIX(VALZAINCR) 

IFC 4B-NPIC) 17417419 

NPIC=NPIC+3 

ALINE(J)=O0P (NPIC) 

CONT INUE 

WRITE(PRINTR+FMT2) LOOWN(1) + CALTINE(L) #L=1eNACC) 
CONT INUE 

WRITE(PRINTReFMTIL) (LTOP( I). 1=1¥NACC) 
IF (NSECTS-SECTNO) 21421469 
WRITEC(PRINTR+910) NSECTS 

CONT TINUE 

STOP 

END 
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4.3  CROMERCURVE 


201s 


The most recently published sets of atomic scattering factors have 


been made available in the form of a tabulation of analytical coeffi- 
cients from which the curves may be derived. The evaluation of these 
curves from the coefficients is the primary purpose of this program, 
although several ancillary functions may be invoked as well. 

The scattering power curve [unf (.y°] may be calculated for the 


user's unit cell contents as may the quantities oy) On» 03> Ons 


me Corrections to the curves for anomalous dispersion may be 
applied and the Af' and Af'' terms may be made linear functions of 
sin O/A. 

Provision has been made for punching the curves in forms suitable 


to be read by any or all of the programs NRC2, ORFLS and SFLSS5. 


A listing of the program is reproduced below. 


anannanaa 


PROGRAM *CROMERCURVE* ee 

TO CALCULATE SCATTERING FACTOR CURVES IN NRC2+ORFLS+AND SFLSS FORMATSCC 

FROM THE NON RELATIVISTIC HARTREE-FOCK CALCULATIONS OF DON Te CROMER «C 

ACTA CRYSTs A24 P321 1968 GedeWILLIAMS MARCH 69 c 

veeee *c 

MODIFIED TO CALCULATE SIGMA(N) FOR DIRECT METHODS PROBABILITY  «C 

COMPUTATIONS 2ND NOV/69 Gedew “c 

“Cc 

DIMENSION A(4y161) 46045181) 6C( 181) pTITLE( 181) 4 LCURVELI9)FF( 32419) oC 
DIMENSION NICURV(19)+FISQ( 32) c 

DIMENSION DREAL(19)sFREAL (19) +DIMAG(19)¥FIMAG(19) ce 

DIMENSION FF( 32419) .FANOM(32,19) cc 

INTEGER READR+PUNCH,PRINTR ce 

READR=S cc 

PUNCHS7 cc 

PRINTR=6 cc 

READ(READR,902) NCOEFF cc 

00 2 I=1,.NCOEFF cc 

READ(READR+900) TITLE(T) o(AC dol) ¢B( So Te J=1e4)¢C(1) cc 

2 CONTINUE cc 

900 FORMAT(A4<5x,.9G7) cc 
READ(READR+901) INRC2+1ORFLS.ISFLSSs INFSGyNCURVE cc 

901 FORMAT(S14) cc 

READ(REAOR+902) ( ICURVE(1)+1=1420) cc 

IFCLNFSQ) 20420421 ce 

902 FORMAT (19144F4.0) cc 

21 READ(REAOR,902) (NICURV(I)e1=1419)+HYOR cc 

20 WRITE(PRINTR*+903) cc 

903 FORMAT(*OSPECIES FOR WHICH CURVES ARE REQUIRED-') cc 

00 4 I=1,NCURVE cc 

READ(READR.940) DREAL (1) «FREAL(1) sOIMAG( I) 4FIMAG(I) cc 

WRITE(PRINTR4904) TITLE( ICURVE(I)) cc 

4 CONTINUE cc 

940 FORMAT(4F10.4) cc 

904 FORMAT( 39X4A4) cc 

905 FORMAT(*O CURVES ARE PUNCHED IN THE ASOVE SEQUENCE) cc 

WRITE (PRINTR+905) cc 
WRITE(PRINTR.941) cc 

941 FORMAT(*O OLSPERSION CORRECTIONS-"+/4* REAL EL REAL IMAGICC 

XNARY DEL IMAG*) ce 

00 41 I=1.NCURVE ce 

WRITE(PRINTR,942) DREAL(T)+FREAL( I) sOLMAG(1)+FIMAG(I) cc 

942 FORMAT ( 3XsF7+3+FB439F10034F 943) cc 

41 CONTINUE cc 

WRITE (PRINTR«906) INRC2s1ORFLS+ISFLSS+INFSO ce 

906 FORMAT(*O OUTPUT INDICATORS FOR NRC2+ORFLS»SFLSS+ AND SIGFSQUARED CC 

XARE*. 415) cc 

00 € 1=1,NCURVE cc 

ANGLE=0 «0 cc 

00 8 L=1432 cc 

F(L+1)=C( ICURVE(I)) cc 

00 7 K=164 cc 
SANGLE =ANGLE #ANGLE cc 

F(Ly DY=F CL TL) 4A(K 6 ICURVE( I) ) #EXP(—B(K» ICURVE( 1) ) #SANGLE) ce 

7 CONTINUE cc 

ANGLE =ANGLE+0.05 cc 

8 CONTINUE cc 

6 CONTINUE cc 
00 42 I=1»NCURVE cc 

DO 42 J=1,32 ce 

AINCR=FLOAT( J-1) cc 

FANOM( J+ 1)=OTMAG(1)+AINCRSFIMAG(I) cc 

FF( de 1)=F (de 1) #OREAL( 1) +A INCR#FREAL( I) cc 

42 CONTINUE ce 

IF CINRC2cEQ.14¢AND.INFSGsEOs1) GO TO 19 cc 
IFCINRC2sE041) GO TO 9 cc 

10 IF(LORFLS+EQ41) GO TO 11 Ge 

12 IFCISFLS5.NE~1) GO TO 100 cc 

tee eerees TO QUTPUT SFLSS CURVES cc 

00 14 1=1+NCURVE cc 

WRITE (PRINTR+908) TITLEC ICURVE(I)) ce 

908 FORMAT(*OSFLSS CURVE FOR '+Aa) cc 


WRITE(PRINTR»9O9) (FC Ke De 
WRITEC(PRINTR+909) (FC Kel) y 


1468) sDREAL(1) cc 
9416) sO1MAG(I) cc 


WRITE(PRINTR+948) (FCKe1)¢K=17 432) cc 
909 FORMAT(#0',10X+6F943,F 8-4) cc 
944 FORMAT(*0'410X+BF943) ce 

WRITE(PUNCH +950) CF (Ke 1) eK=198) +OREAL( I) cc 


WRITE (PUNCH«950) CFC KeT) eK=9e 16) +DIMAG(I) cc 


WRITE (PUNCH »910) CF (Ke TD) eK=17 032) cc 

910 FORMAT (8F9«3) ce 
950 FORMAT( 6F9+3+F B44) cc 
14 CONTINUE ce 
GO TO 100 cc 
#eee%4% TO OUTPUT NRC2 CURVES ce 
19 IF (INFSQ) 949422 ce 
22 00 23 1=1432 Ge 
FISO(T)=0.0 ce 

23 CONTINUE cc 
00 24 [=1432 cc 

00 25 K=1 +NCURVE cc 
FISQUL)=F ISOC 1) #NICURVIK)#(E C14 K)*#2) cc 

25 CONTINUE cc 
24 CONTINUE cc 
SIGL=HYOR ce 
SIG2=HYOR cc 
S1G3=HYOR cc 
SIG4=HYOR cc 

00 99 I=1,NCURVE cc 
AX=FOLe 1) cc 
AP=NICURV(I) cc 
SIGI=S1G1 +Ax#AP cc 
SIGZ=SIG2+AK#AX#AP cc 
IG3+AX#AX #AX#AP. cc 

1G tAK@AX#AX®AX®AP cc 

99 CONTINUE cc 
AZ=S1IG2*SORT(SIG2) cc 
PCONST=140/AZ cc 
S1G32=5 1G3*PCONST cc 
WRITE(PRINTR*931) cc 

931 FORMAT('OOEF INITION---SIGN=SUM(F%*N) OVER ALL ATOMS IN CELL*) cc 
WRITE(PRINTR+933) HYOR cc 
933 FCRMAT(*O NOs OF HYDROGEN ATOMS INCLUDED IN THESE FIGURES="+F4+0)CC 
WRITE(PRINTR+932) SIG1+SIG2+SIG3.S1G4.S1G32 cc 


932 FORMAT(*O SIGL=FOCO=" sFIOebe/44O S1G2Z=POOO="+F 1061 o%e ce 
x ot) SIG3=" FL 0ele 7e 40 SIGG="FL2e1 4/440 S1G2*#3/2 (S1G39*CC 
K-1) = 'y F806) cc 
WRITE(PRINTR+920) (NICURV(IT) + TITLE( FCURVE(I)) «f=1+NCURVE) cc 

920 FORMAT(*ONRC2 SIGFSQUAREO CURVE FOR THE ATOMIC COLLECTION *+/+4X»CC 
KLOC 14+ AO) e7%¢* OCONTD~ 847 eLOX+ LOT M+ A4)) cc 
WRITEC(PRINTR«92E) (CF ISOC LE) +1=149) ce 

921 FORMAT(*OSIGF-CURVE 0 1%+2%s9F7+0) cc 
WRITE(PRINTR6923) (FISO(I) + 1=11 62742) cc 

923 FORMAT(*OSIGF=CURVE 0 2%+2%s9F740) cc 
WRITEC(PUNCH, 924) (FISOC 1) ef=169) cc 

924 FORMAT(*SIGF-CURVE 0 1*+2X+9F740) cc 
WRITE (PUNCH, 922) (FISO(T)s1=1142742) cc 

922 FORMAT(*SIGF-CURVE 0 2'+2x%49F7+0) cc 

9 00 15 I[=1+NCURVE cc 
WRITE(PRINTR¢911) TITLEC TCURVECT)) cc 

911 FORMAT(*O NRC2 CURVE(S) FOR *+A8) cc 
WRITE(PRINTR6912) TITLE(ICURVE( I) ) e(FF(K sf) Kal 09) cc 

912 FORMAT(#0*AS,*=CURVE 0 1442Xs9F 763) ce 
WRITE (PUNCH,913) TETLECICURVECT)) 6 (FRC Ke I) eK=109) cc 

913 FORMAT(ASs*-CURVE 0 1%42Xs9F7*3) cc 
WRITE(PRINTR +813) TITLECICURVEC I) ) + (FF( Ket) eK=d1 42742) cc 

B13 FORMAT(*0'A4s*-CURVE 0 2462Xs9F7«3) cc 
WRITE (PUNCH,812) TITLECICURVE(I)) > (CFF(K eT) eK=11e27 02) cc 

BL2 FORMAT(ASs*-CURVE 0 2% +2Xs9F743) cc 
TFCOIMAG(I)) 43415¢43 cc 

43 WRITE (PRINTR,»962) TITLE( ICURVE(1)) e( FANOM(K 41) +KE 69) cc 

962 FORMAT(FOTASs*=CURVE 1 Lt s2X+9F7*3) cc 
WRITE(PRINTR+ B63) TITLE (LCURVE(T)) #(FANOM(K eI) ¢K= 1192762) ce 

B63 FORMAT(4O'ASs+*-CURVE | 24+ 2Xe9F 723) cc 
WRITE(PUNCH, 963) TETLECTCURVE(T)) eC FANOM( Ks Ed Kat 69) cc 

963 FORMAT(ASs*-CURVE 1 144 2k49F7*3) cc 
WRITE (PUNCH «862) TITLECICURVEC(L)) «({FANOM(K yl) eKalhe2 742) ce 

B62 FORMAT(AS+*-CURVE 1 24+ 2K+9F 763) cc 

15 CONTINUE cc 
GO TO 10 cc 
#e% TO OUTPUT ORFLS CURVES cc 
00 16 [=t+NCURVE ce 
WRITE(PRINTR»91S) TITLE( ICURVE(I)) cc 

915 FORMAT(*0 ORFLS CURVE FOR *+A4) cc 


WRITE(PRINTR 6916) (FF(Ko 1) ¢Kele@) oTETLEL ICURVE( I) e( FFU Ke I) @K=96 16CC 
KX) eTLETLEC ICURVEC I) ) eC FF (Kel) (KEL7 +24) e TETLE( ICURVE (1) ) (FEC K oT) ¢ Ke 2c 


%5e32)eTITLE( ICURVE(T)) cc 
WRETECPUNCH,917) (FF (KeL) eKele8) oT TLE( ICURVE( 1) eC FF (Ke I) ¢K=9s 16CC 


X) seTETLE( TCURVE( 1) ) 6 (FF (Ke E) (KE 17 624) oTITLEC ICURVE(T) ) o (FE(K oI) KE20C 
%5e32) TI TLE( ICURVECT)) cc 


916 FORMAT(*0* «BF 9434" OFLS* ¥A4) a: 
917 FORMAT(8F9+34*OFLS* Aa) Gs 
16 CONTINUE ee 

Go ro 12 Ge 
100 STOP Ge 


END 
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4.4 = =DATAMEND 
The second stage in the data reduction process involves a format 

change from a direct image of the FACS-] paper tape output to a suitable 
input form for program NRC2A. DATAMEND was written to accomplish this 
format change for the several different types of input data available. 
As well as this function, several useful facilities were built into the 
program. These include: the assignment of standard numbers, the gen- 
eration of statistical percentage errors in the net counts, examination 
of the net:background ratio, tabulations of the numbers of reflections 
within certain ranges of the net counts and in ranges of percentage 
error. As well as these an in-sequence tabulation of the various 
measurements of the monitor reflections is produced. 


The FORTRAN coding which accomplishes this is listed below. 


2ina deifomosse of As 
.sidslisve etsb | 
oda onni of hud nen 
-nee afi ,2radnin bisbasse | i seedT — .ms1g074 
noi tanimexs - (eaizeise32 to noisers 
ancitosl te. Fo avalians oft to enotssiudss , 1 bnuorgstasd: sen 93 to 
spsineoieq to eepnsy ni one ear, ten afl 29en67 nieiv99 nidsiw 
euoirev fi te notte sides supseral 26 Ilow eA .30779 
beauborg ef engis oh Sy, amarante 

-woled betel lai efase Yi eathoo WARTAC? aT.» 


a 


oct, oR patina Same 
oh yonut eins. ee [ow 2A 


- 


204. 


ones 
OLez 
oowz 
osve 
Ovve 
orez 
ozez 
oree 
cove 
osez 
ove 
orez 
osez 
ose2 
ovez 
orez 
ozez 
ovee 
oocz 
o62z 
oez2 
oxze 
ooze 
oszz 
ovee 
oeez 
ozzz 
o1ze 
oozz 
o6i2 
oetz 
oxtz 
o9tz 
osiz 
oviz 
oeiz 
oztz 
orte 
oorz 
0602 
ogoz 
oLoz 
o90z 
osoz 
ovoz 
ocoz 
oz0z 
o10z 
0002 
ooer 
over 
oust 
0961 
ossi 
over 
ore 
ozer 
O16) 


wo 
nO 


Ve C4 tet etMd WIT 
12*Z=41 9 00 
000000t=( 12 )wi7L 
00000S=' 02 WwI7s 
O00002=(61 MIT4 
O00001=(81IwITL 
9000S=(41)mI7L 
00002=(91 m4 
O0001=IST WIT 
000Sa(vIyWIT4 
oooz=re1 mI 
Oootst zt WIL 
OOS=(1tIWITL 
O02=(OtmITL 
o0te(6 IWITL 
OS=(8 wis 
oz=(4 mis 
O1=(9 DWI 
O=(S mits 
Olm=(y dmIL 
o2-s(6 DWITL 
OS—=(Z dmw174 
OO1-=(t dwitd 
0*01=(61 )mHYNTa0 
0°S=(91 w¥NTZO 
Or e=(21)W¥NI30 
BUSH WONS QBAOW3H NOTL¥DITdNG AYYSS3D3NNN Ny 
3NNILNOD S 
2*0+8vO=av0 
BYO=( 41) RYNTIIO 
gt*zt=yl s a0 
z*1sev0 
SANILNOD ¥ 
O*OU/( (1 =NT)L¥OIS P= 41 MVNO 
litte! ¥ 00 1 


ONIMLAWSAR BST IWILINI 
erte2 (2-onnda7 


ON3 L¥ Si™nS3y iNeLNO 
OL YO SHNS SLVINWNDDV*ASIVILINI OL ONTHSINA 41 33S 04 1831 


(1294084*0S3"5013*1084 Y3931NI 

(61 IHOBIIA* (TS MITTCTZIWITDL BBOSLNI 
(61) 4" (12)101730* (61 )WYN730 NOISN3HIG 
(954°730"0N1) IWN¥ 3NIAnoBANS 


ATVANSNOSSENS ONY - .WZIUN. NI WIuRLIND 
S@ONN/SBO 3H ONILI3S NI 32NYOIND ONV NO1LI3dSNI HOS SION 
OLNT SANNOD 43N 3H1 GNY 171730 3H H108 S3SAIVNY ANJLNOMENS SIHL 


oN3 
Nanay 
(8169) 31 10m 

BANIANOD 21 

Woe (S16"9)3L Tam 
Hua (226"9) aitue 
915 (126"9) FLiem 
NYBWW(0Z6°9) B4L1uR 
(0S91S)inOS = 53S 
(NVARW)LHOS = Bua 
(1 — wowryivo7gvosonns = osoIs 

BANIANOD 20 
DSA3G + OSOWNS = OSaKNS 
A3G*A30 = OSAZC 
((XT"TSNIDVLVGG)IVOId - N¥aNY = A30 
wIwrtl = x1 2¥ OG 
(AINE LYOIS/ANS = NVaMY 

BMNIANOD te 
(0X1 UNI) ¥AvO0)LVOTS + HOS = ANS 
ave) = x1 ly og 
0*0 = oSoMns 
oro = Wns 
O201S1(0*L9"1S¥ TI) ST 

30NTANOD £1 


WO( GH AS *NIVLVOO" (dW ANI OL AVG" (et T20W' (GW*OWTNI)¥LVOG )(Z06*L)31LIBR SE 


Wo 


SE'ELtE! (1N01) at 


MO(GN*S*NTDVLVOO* (dW *NI OTL VHS" (>* 20H (dW*OWNTIVLVOG 1(626°9) 31LIUR 


wo 
ct) 
no 
no 
no 
na 
na 
nO 
no 
no 
no 
no 
wa 
wo 
na 
no 
no 
no 
no 
wo 
wo 


ANC TedW £1 00 Te 
Wren 2z 
lf 01 09 
ArewIwe 92 
Te O41 09 
whem Sz 
Letoe'sz (2-NI) at 
(816*9)3,10m 
BNNTLNOD Of 
CETEPCAENES OP IOISH) (106"L)3LTHM LE 
4E*9E*9E (anor) at 
CETTECCS(NI*EEOLSH) (L16*9) 34 IER 
QAISN*I=NI 21 00 
O1SN (916*9)3LIUR 9 
nun. 
OlLve=(wee 1 Olives 
NN=(AP*S* 1 )¥L¥OO 
(443N¥)xIa1=0ne* 941) vLvOO 
eet=(wrre*y ¥avoo 
tal=(mr*z*1)vivao 
ANNODI=(Wr*1* 1) ¥1v00 
(W169) 3LIom (OOZ*LD*MWr) 33 
lencene ez 
Nenaae 
Olive=(9F* 1 OT wES 
NN=(TE*S*1)¥L¥00 
(AL3NW x1 418 (908% 1) ¥LvO0 
ze1=(7F*€*1)¥1voO 
lara(ar'z2*1)vivao 
ANNODI=(7F* 1 T)¥LvOO 
(vte*o)aLtyM (OOz* 19°70) JT 
lerareye 22 
Neniae 
Olive=(ared OT LvED 
NNeOxe*S* 1 )¥LvaO 
(L43NV)KIST2 Cx #* t vivao 
ze1s(arte* 1 )¥ivoo 
Wel=(urez*1 vivao 
ANNODI=IMF* T+ 1) VivOO 
(w16*9)9LIHM (OZ LO" WF) 4 
lemremr 12 
1*(ez*zz"tz) O14 09 
1403SN=NN 2 
Crue] 
(E16" 9.3L IBm 
owe 
on 
owe + 
rete (2-NM) dT 6 
nuniae 
BANTANOD CE 
(Z16°9) 31 1H Ze 
EetZECE (Z=NWIaT oO 


2 


vou 


vuuu 


vouvn 


vost 


ose 
o1er 
ose! 
osat 
over 
ocet 
ozer 
org! 
gos) 
ose 
ogst 
o9et 
osu 
ove! 
occ 
oz.t 
ott 


z0L1 
021 


oo.t 
06st 
oaot 
0991 
09st 
osot 

owst 
oes 
ozor 
o191 
00st 
06st 
ovs! 
oust 
09st 
osst 
owst 
ors! 
ozst 
o1st 
cost 
oeel 
oeer 
Ozer 
09¥1 
ose) 
Ovel 
ocvt 
ozet 
ore 
cov 
oser 
ose! 
ozer 
o9er 
ose 
over 
ocer 
ozel 
oler 
Oot 
oezt 


ogzt 
oLet 
oo2t 
oszt 
ov2zt 
ocet 
ozer 
or) 
ooz1 
oer 
oeit 
ont 


ost 
ovtt 
oett 
oztt 
ort 
oor 
0601 
ogot 
001 
0901 
oso1 
ovot 
ocor 
ozor 
o101 
Too! 
0001 
066 
08s 
016 
096 
os6 
006 
ovesr 
oezsr 
ozzsr 
o1zse 
oozsr 
ostsr 
ogisr 
oztse 
ogtsr 
osisr 
ovisr 
orisr 
ozisr 
orise 
oorsr 
ososr 
owosr 
oLosr 
o9osr 
ososr 
ovosr 
ocosr 
ozosr 
orosr 
ooosr 
ore 


brea CQWNVI iat 


wo 
(SY*TtasH tae a1 * KOZ IvMyOS 626 
(S*O14*+ = (NVGR)ADOSe*HLT' 400) AvmyOs 226 
(Z*015% + = NOTAVIARD O47INVLS 4 *HO*1O+) ivmsOs 126 
(ITZ1ats © ANNOD W401 N¥BAetKOTSO%) LvMBOs O2O 
no (+C3LIIINOD GNINVAVO AYHDONGO.) A¥MYOS 616 
no (sONO3S x 
wo 16/28) 44 3)N za te SLNNOD Ovdavmsos B16 
wo (SIE +S3DIONE WLIM GUVONWLS SHA HOST. JivMOs 216 
WO = (4SMOVIOS SOHVONVIS 4*F1*s IHL HOS VLVO NOILISOGHOIBO O01 )iVHHOS 916 
no (4O8VONVAS SIMS HOS SNOTLYNIWH3L30 ote" s3H3R 3Y3HIO.)LVMAHOs SIO 
wo (79M SI GHODTG BNI1LNOWENS NI VLVOG AVBOYO.)EVMEDS vI6 
wo (sO3AV7dS1G ONY 031937709 3B OL VIVO VOILISOGWOD9O G+ AVWHOS E1O 
nO (,034S% 
WO3N03H LON SNOTL237494 OBVONVAS BH1 BOS VLVO NOILISOGWODZOO, ivMBOs 216 
no (B1*S* stale xXOTIi¥MYOs ZOO 
mo (SIE*XOTJL¥MBOS 106 
wo ANOT*IWN¥I *OLSN*1SV7I*113N¥ NOWMOD 
no Olivet 181" 281 *LNNODI*O3SN*I*O1SH*NH NOKWID 
no (002*C)O14¥H® NOISNSKIO 
no (ETE DGLSH*(E)H*(002"S*E)VAVOO WaDSINI 
wo dn0930 3N14nowENS 
no O941S30 41 SOHVD NO 4NdinO 3@ AWW SITASTivisS *a31S3Noaw 41 
WO SISATWNY NOILISOdWOD30 3H1 SAYIGSTO ONY S1237709 SNILNOHENS SIMA 
KO ona 
no ois 
wo dn0330 71> 
no (113N" LIS *NWOIWNY TID 
no E=NH 29 
HO BANTLNOD 92 
wo OLST*ASV71 411 8D" NNVIBN* HNW GNX 
no STGT*2G7*1NNODI “SWI L*NIDIG*NIOZE* THA PHO*HAWNYIGY (TES*LISLIVA 62 
wo OL492494 (HONNGH) JT 1k 
no Andd¥s (€£6"9)31TBR 
no 4N0dvi 37140N3 
na O4S1*1SV71 41189 "NV IBN * XNW IBN * x 
WOIGI*Z@I *1NNODI *SWTL*NIDSE*NIDSG*ING*THI“H*WNYIGN (1ES*4NOSWLISLIBA LE 
wo ee*te*te (ander) 41 
na BANIANOD ¥L 
no 665 (HIDH 
no EtlsH} vs og ce 
no eets2*sz (asvl) 31 oL 
no OLST*4SW71* 1183 *xN YIN ANY TON? x 
WOIGT*2O1*1NQODT * SWI *NIDIE*NIOSE* IHS THD *H*MNVIBN (1E6*4NOdVI)SLIUR 22 
nO ZL*@L"94 (ANGevi) Jt 19 
rr) QS) *1S¥1141 109" MNYTGN *xNY TEN X 
no *TGT*2OT* INNODT*SWIL*NIDSE*NIDSG*TId*THO*H*MNVION (I1C642)3LIBA 28 
no 28*1@*18 (HONNGI) JT 
wo OexNVTGN ET 
no O=S3NIIN 
na (906*9)3118R SOT 
no SOV*SOT*ET (65-S3NIIN)ST 
no 14S3NITN=S3NIIN 


no 
wo 
Wo 
HO 
nO 
wo 
wo 
no 
wo 
na 
wo 
no 


no 
mo 
wo 
no 
wo 
no 
no 
wo 
wo 
nO 
no 
no 
no 
wo 
nO 
ono 
wo 
wo 
na 
wo 
no 
no 
Wo 
no 
Wo 
no 
nO 
wo 
wo 
no 
no 
"oO 
wo 
"Oo 
no 
Wo 
no 
nO 
wo 
no 
no 
Wo 
no 
wo 
mo 
no 
wo 
no 
no 


O3SN“OIST*LLBN* (XP )ASV*LIBD*LvH*ODaT* (XI DASY*O1L¥EX 
*2GT*1NNOD1*BW1L*NIDSE*IHd* IMD*HLOAL*(E*1=1*(1)H) (CO6*9IBLINM 
vEretre! CANIHSI DSI 


G3MOANT 38 AYH 3S3H1 40 74¥ BO ANY SBNTANOY 1NGLNO 


0* O=NID38 

11 O14 09 

(€)0NOLS=G1sT 

11 G1 05 

(2 0NGis=01S1 

$1 01 09 

(LL3N*41ED*NWOOWNY TWD. 

ST O41 0D (0*19*01S1941 

SISAIVNY 3H1 WONS SOBVONYLS 3H1 30NTDxD 
1403SN=03SN 
(1)ONGIS=01S1 

1 04 05 

O=01S1 

SANT ANOD 

3NNT4LNOD 
*(2T#91*01) O14 09 
dn0330 17D 
TEtSEtIe (CEE OLSH-(E DH) aT 
TETCEIE CC T*ZIOLSH-LZIH) 37 
VEtZeete (Crs 1 OLSH-(T)H) ST 
O1SN*I=1 Z¥ 00 

6*9*G(CiSNISI 


*243 SANNOD JL MAND2¥ OL gHOI3Z0 WD 
ONY 11 OL *ON OHVONVIS BLvINdONddY 3Hi NOISSY SI 41 41 - 
OQYVONVAS ¥ SI NOTLI397939 41 33S OL ATWVIININOSS S3DION) |HI 1S3L 


3ANI 4NOD 

2=xr 

666° 024189 
ZOVEOT*EO! (6660-17 9IS7 
ZOU*TON* VOT (143N)31 
(443NW) x1 31=443N 
(096/11 3NV)SEV=ivy 
(096)x1 3120981 
(HONBO/MANY )SOV=LTED 
(OSWANY)L4OS=RNNY 
1-=WON3G (070*03*mON3O) 3T 
(29V+18¥) #1¥818-1NNOD=WONZO 

(ZOV+ TOV) 6 LV AGS LVd 18+ LL ANVSLLaNV SY x4 LNNODSOSWANY 
(3m11900*2) Ani i=ivese 

G9G-LNNOD=1LLNY 

BDGRAVe3WI 1-098 

(3118002) 4(ZOvs 1av)=BDG3A¥ 

(4NNOD1 )1VO75=1NNDD 

zex1 

1S 01 09 

Jev/zev=ol1ve 

@s 01 09 

zevelay 

zel=ie1 

1S OL OD(O1LvyO*3T*OL AVE) aT 

2ev/tav=O1 ive 

@s 01 09 

lev=zey 

lelsze1 

1S 01 OD(Oli veo" 37" OLivEDsT 

lev/zev2011¥E 

9s*ss*ss(2ar-1681)31 

es 01 0D 

zavetay 

2ei=161 

1S OL OD(OTLvHO*37*OlivE) aT 

2av/1ev=011v8 

@S 01 09 

\evezav 

\erezer 

VS O01 OD(O11vwO" ST" O1ivEdaT 

Vev/zav=0live 

4S31DE*(4S*¥S*CS*z5)02 09 

(2@1)AvOrs=2a¥ 


° 


» 


st 
at 


oy 


zor 


cor 
101 
£69 


1s 
es 


as 


os 


ss 
ss 


es 


zs 


vuuy 


vuuue 


oza 
g099 
vooe 
ore 
008 
06k 
oge 
oLe 
osar 
user 
osuc 
ssa 
vsir 
ose 
over 
gener 
sear 


(ie! avors=tev 


no 
no t]2e1(0*39"Z81 37 
wo Te1ei(or37*ie1yat s 
wo Srolezaiazar 
wo S40 Tei NNODI=4NNOD1 
no SeOletcrste1 9 
no 98S (AqnmI)at 
wo exe 
no 1=xt 269 
nO *OOT/(CIHDE )AWONSIETHD 
WO *O01/(( W111) 4VOId) =3mIL 
no *OOI/(( IH )4VOI8) = 1H 
wo *OO17((H221 J4¥OIS)=HLORS 
Ho ZeI*in x 
WONOIT*SMILI* IST THAT *IHDI*ASWIT HAZE (EDM (ZIMA CTI (Z06*NIG¥LIOWaE 669 
wo 469 01 09 
"a ASTI *ZOI*ANNODI "SHIA 1G" 1Hd* 1HD*WO*HLOAL*HI9EO*NIGWL IOVS B69 
£69 01 09 
(2/S931SN-SOdI ) 1¥ONS=011¥8 
98/1 13NV=L¥ 
(281)iv07s=008 
(4113N)4V074=413NV 
28120901 
Z1-1NNODI=L13N S69 
Z/SdF1SNeS+Zeleol=zat 
Z/Sd31SN@S+1NNDIISOT=LNNODT 
S69 01 09(0°37°4 NWI DAI 
1=isw71(or.qo3sr)41 
SuVs=3WIL 
oro=IHd 
07 0=1n> 
0*0=H1ORL 
@N=LNNOD1 
WONZO/MONWEL ITED 
V=WON3O (281° 03" GN)ST 
( LAN-dNe dN) 001) 4¥O743=mONZO 
(OSANNY }L80S=RANY 
((SIBISN#IN+AN* JN) 901) 4¥OId=0SMONY 
2@1+0N=1N 
o=ter 
texr 
DBSF*SOdT*ZG1*dN*H(Z¥6*NIGWL)OV3H 969 
¥4¥O NYDS d34S VO3MO “¥ 40 *n 2 
no 2 
wa 41 NO 31V83d0 ONY GuYD ¥ivO 3NC GVau 2 
wo 2 
anva41*(969*869"669)01 09 
na BANTANOD SZ 
nO O=S3NIIN 
nO l=NK 
wo (906*9)31 18m 
wo OliveO( T¥6"S) 31 18m 
xa 4S3198(0¥6*9)31 18m 
na Nidvi (Se6*S) SL IBA 
no wy (206*9)34 18" 
wo ANOPVA*HONNGT "NIST (016*9)3L188 
wo (216"9)3LIHm (O"39"41INW1) 3T 
wo BwIis (226*9)2115" 
no A5ViSY (S06°9)3LIHRm 12 
wo (Q4SN*TS1*(1)ONGLS) (606*9)31 TR 
"a (QASN*T=P* (C+ Te 14 (F*T)GLSH) )*OISN (£0649IZLIUM ZZ 
no zeri2"1z (ousndst 
no 2 
"oO SHYBABWYNYd TOYINGD 30 NOTAVIS8GNZINI SLT BR > 
wo 2 
nO I-LUVISN=03SN ¥ 
no T=L8VISN 
wo vrEte CLBVISN)ST 1 
"oO (OLSN*I=I*(7)ONGLS) (106*S ava 
no (QISN*T=F*(E*TST(F*TIGISH)) (106*S)Gvan 2 
wa z*1*) (Asn) aT 
mo 2 
wo OBYINOSY 41 - SUI@MNN ASYONYIS ONY S3DJGNI OuVONVIS OVau 2 
na 2 
wo n0230 77> 
no (L43N* LIB" NR) WNY TWD 
nO (¥E6*9)3LTEM (0719"4NO1)ST 
no Ls 3RVOSIT=SH¥EST 
na S=NIdYi (O*3I*NIGVL)ST 
xo vO"O=x¥ (O70 ST" NW)SI 
t=" 
(2/Sd31SN) 1Y¥O7S=34¥S 
SOBISN* BMWS 41 *O1L HO" 1S3L98*HV*SKILSt NX 
WOIAVL* NOT *WNYI*LNOG¥L *HONNG IT * ANT ud *LUVESN*OLSN*LINWI (006*S)OVSE 
O=isvii 
na 2=Nm 
no (Oz*t=r*(1)3TLTL) (S06*9)3L IER 
mo (oz*1=1(1)3TL14) C¥06*S) OEE 
wo > 
na SUBLSWWEVd JONINOD ONY 37111 OVae 2 
no 2 
(91*wI*SIZ* eI E*XWIAVRYOS 296 
wa (E*BS*4=SONNOHO DVO JO OLLVG ONILIWINO,)ivMHOS T¥O 
wo (S1*.=UB13WVEVG 1531960. )i¥WEOs OE 
wo (SI*BIZ*Z*OS* GLK ¥*S*GawSTE* KY) IVMBOS OE 
wo Faee/(ZIASWEZ 4 A/(LIASW YAVO 
no fET*45ON LIND OSS OVS 38 OL Vi¥O NOI1991S3H O+)ivmNOs SEO 
wo (ySOH¥D NO 1NdiNO 3@ OL ¥ivO NOIL1SOGMOD30 Or )IVMHOS vEO 
mo (4030N3 SI +*E3*4LINN NO 3733 WLVOO.)AvMUOS CCE 
no (2"S4* 4ST NOJLVINIWD 1/1730 3Hi NI G3SN XV 3O 3NIWAO.)ivmNOSs Zee 
na (20 wl wrOstelZ*oie*@l*Zs Lari vse e*24z* TLE TID IVMYOS IEE 
xo (4 SONOD3S «*1"S3*+804 OSLNNOD 3V3K SONMOWDNVGO+)ivMYOs 226 
WO (+S# OT*ANNODISLNNOII S¥ O3TFIOOW 3B OL 3¥Y VIVO 4NNODO.dIVWHOS ZI6 
wa (STE"+-38¥ SYOLYDIONT 3d¥L ONY HONNd*INI Bd 0. )L¥NHOS O16 
na (sATSALLD3dS98 “STE /S*ON *O1S NBAID 3Y¥ 3S3H1O«) LYNYOS 606 
WO(SI+ST HAWG STHL NI NOIL9391S9¥ 1SYI4 9HL JO “ON 3DN3NOTSO+)ivMHOS GOO 
no (sx 
WOIE*XOT*/)*430¥ SNOILI3ISTY OUVONVAS .*EI*+3HL 4O S3DIONI Os)ivMHOS 206 
wo (sONDaS Ox 
mois) 443N 0 -171930 G98/443N aoe 1s/ze 1 ze 4NnO> x 
wo 3NI1L 0 NID38)—THo THD WaBMLz 7 » H st XS*sTeDA¥MeOs 906 
no (ev0z*xo0z iwmeOs S06 
mo (ev0z) AvmBOs vOS 
na (SIZE lyteresz*GI* ts z*6s*OIZ*SI*Z*LIS*SIE*KC DAV MBOS COG 
no (OT SOT*ST*XE*LI*RZ*ST*XS*SI*6I*SIIXZ*SIE*XE AVMBOS 206 
“a (STE*XOTIAYMBOS 106 
(ESSE BaPZI*ETOIT*SISOVLVMYOS 006 
no AMOI" TWN I *GLSN*ESYTI*L139N¥ NOMMOD 
no Olivet 1G 1*Z@l *INNODI*O3SN*I*O1SH*NA NOMKDD 
no NigWi B3D351NI 
no 453198 63931NT 
no {EPONOIS*LNOGVL *(E*EIGISH*(E)H BBOSINI 
nO (zyasy*foz737i14 Way 
wo 6971095 ro WZDUN HLTA 2 
wo BWILVEMOD WIHL SXYW ONY S39¥WI OVD OFLB3ANOD WEI A3100m OL 2 
wa -osq NOLL23dSNI_ YO3 S4NNDD 113N ONY 1/1730 40 S39NVE 2 
no OLN] VA¥O SHi ONISATIWNY S¥ 7738 S¥ SDILSIL¥iS NOILISOGWOD30 2 
WO SAOINVA S1937709 ONY SONTHL AYONNS S3LVINDIIVI- ONSNVLYG WHEDON > 
mo 2 


Cont iiuede. woe 


ais 


we 


PSEae pease se enetGePSANEPE 


east roses ot +) eqeeda teetn? 
ee | 


an. vu) olay op leer 


- 


SiiUaSREGta eyes: fp SRBRETE 
savesaxeagpaagag is} 
es 5 
a ae 
a 


ch TA) ke gON wae 
nae md 
" bate 
lee AT fale owns 


(ie MER SSCAA eB al ices mde te 
ve o tee ore ee - 
plop Seapine Mercer te og oukaeie a 


OU 90 Ser 22 Oe Brite 
‘ 


, - 
et WINES ats Ge Pe Ge pe © tome 


ate ra] 
pPPETESE PERS ESS? 


BtESE ESR SRO GERE® 


é 


ee on oe 


SNS) Carer OTR Pe a 17 ee 


Se ek ar 


nanan 


anno 


205. 


FBOXC(IK)=0 OM 


ano 


nao 


32 


3010 65 LF(FSQ-50000) 66466,67 DM 4290 
CONT INUE OM 3020 66 FBOX(17)=FBOX(17) +1 OM 4300 
LLIM(1)=-199 OM 3030 OELTOT(17)=DELTOT(17)+0EL om 4310 
FBOX(1)=0 DM 3040 GO TO 91 OM 4320 
00 7 Ik=1,19 OM 3050 67 IF(FSQ-100000) 68.68.69 OM 4330 
DELBOX( 1K )=0 Om 3060 68 FBOX(16)=FBOX(18) +1 DM 4340 
00 6 IkK=!,21 OM 3070 OELTOT(18)=DELTOT(18)+DEL OM 4350 
DELTOT(1K)=0.0 OM 3080 GO To 91 DM 4360 
FCIK)=040 OM 3081 69 LF(FSQ-200000) 70.70.71 OM 4370 
CONTINUE OM 3090 70 FBOX(19)=FBOX(19) 41 OM 43680 
FBOT=0 DM 3100 OELTOT(19)=DELTOT(19)+0EL OM 4390 
FTOP=0 OM 3110 GO TO 91 DM 4400 
DELBOT=0.0 DM 3120 71 IF(FSO-500000) 72472473 OM 4410 
DELTOP=0.0 DM 3130 72 FBOX(20)=FBOX(20) +1 OM 4420 
RETURN OM 3140 DELTOT( 20 )=DELTOT (20) +0Et oM 4430 
OM 3150 GO TO 91 OM 4440 
ENTER HERE TO ACCUMULATE SUMS OM 3160 73 IF(FSQ-1000000) 74474,75 OM 4450 
DM 3170 74 FBOX(21)=FBOX(21)+1 DM 4460 
FINO THE APPROPRIATE DELI/I GOX ANDO INCREMENT ITS TOTAL BY 1 DM 3180 OELTOT( 21) =DELTOT(21)+DEL DM 4470 
om 3190 Go TO 91 OM 4460 
CONT LNUE OM 3200 75 FTOP=FTOP+1 OM 4490 
ODEL=0EL*10. OM 3210 DEL TOP=DEL TOP +0EL DM 64500 
IOEL=IFIX(ODEL) OM 3220 91 RETURN OM 4510 
TF (1 OEL~10)16.949 OM 3230 c OM 4520 
ITOEL=IDEL +1 om 3240 c ENTER HERE WHEN LAST REFLECTION PROCESSED AND QUTPUT THE SUMS OM 4530 
DEL BOXx( 1 CEL )=OELBOX( IDEL +1 OM 3250 c DM 4540 
F(TOEL)=F(IDEL)+FSO OM 3251 3 CONTINUE oM as60 
GO TO 21 OM 3260 c OM 4570 
OCEL=DOEL-106 OM 3270 ¢ AVERAGE THE DELI/I TOTALS IN THE NETT RANGES oM 4560 
I DEL=IFIX(00EL/2~) DM 3280 c OM 4590 
1F(TOEL-5) 10,11411 OM 3290 OO B1 Ik=1.21 DM 4600 
1DEL=IDEL +11 OM 3300 IF(OELTOT(IK)) 81681487 OM 4610 
DELBOX( IDEL )=0ELBOX( IDEL) +1 OM 3310 B7 DELTOT( IK) =DELTOT( IK) /FLOAT(FBOXE IK) ) OM 4620 
F(IDEL)=F( IDEL)+FSO OM 3311 81 CONTINUE DM 4630 
GO TO 21 DM 3320 IF(FBOT) 68.88,89 OM 4640 
IF(ODEL=20-) 12412413 DM 3330 89 DELBOT=0ELBOT/FLOAT (FBOT) OM 4650 
DEL BOX(16)=0ELBOX(16)+1 DM 3340 88 IF(FTOP) 94,94,93 DM 4660 
F(16)=F(16)4FSO OM 3341 93 DELTOP=DELTOP/FLOAT(FTOP) OM 4670 
GO TO 21 OM 3350 94 CONTINUE DM 4680 
TF(ODEL-90~-) 14,14,15 OM 3360 c OM 4690 
DELBOX(17)=DELBOX(17)+1 OM 3370 c OUTPUT THE DELI/I RANGE ANALYSIS oM 4700 
FCL7)=FC17)+FSO DM 3371 c OM 4710 
GO To 21 OM 3360 WRITE(6.900) OM 4720 
I FCODEL-90.) 16916617 om 3390 WRITE(6,901) om 4730 
DELBOX(16)=DELBOx(16)+1 OM 3400 DO 82 Ik=1,}8 DM 4740 
F(18)=F(18)+FSO OM 3401 IKT=IK#1 OM 4750 
GO TO 21 DM 3410 IF (OELBOX(IK)) 100+100.101 
DELBOX(19)=DELBOX(19)+1 OM 3420 100 AVFSQ=0.0 
FC 19)=F(19)+FSO OM 3421 Go TO 102 
CONTINUE DM 3430 101 AVFSQ=F(IK)/FLOAT(DELBOX(IK)) 
OM 3450 102 WRITE(6.902) DELNAM( IK) +OELNAM( [IKT).OELBOX(IK),AVFSO om 4760 
SORT OUT THE NETT COUNTS INTG RANGES AND ACCUMULATE OELI/I DM 3460 82 CONTINUE OM mA770 
TOTALS FOR THESE RANGES OM 3470 IF(DELBOX(19)) 10341034104 
oM 3480 104 AVFSO=F(19)/FLOAT(DELBOX(19)) 
TFCFSQ) 31432533 DM 3490 GO TO 105 
DM 3500 103 AVFSQ=0.0 
FOR THE NEGATIVE NETT COUNTS DM 3510 105 WRITE(6.903) DELNAM(19)+OELBOX(19) »AVFSO OM 4780 
OM 3520 IToT=0 
FBOX(5)=FBOX( 5S) +1 DM 3540 00 63 IK=1419 OM 4800 
OELTOT(S)=DELTOT(S) +0EL Om 3550 ITOT=ITOT#DELBOX{ IK) OM 4810 
GO TO 91 OM 3560 683 CONT INUE om 4820 
IF(FSQ+200) 34,434.35 DM 3570 WRITE(6,904) ITCT OM 4830 
FROT=FBOT+1 OM 3580 c OM 4840 
OELBOT=OEL BOT +0EL om eae 2 OUTPUT THE NETT COUNTS ANALYSIS om a6so 
GO To 91 oM 6 OM 4860 
IF(FSQ4+100) 36.36.37 DM 3610 WRITE(6+905) OM 4870 
FBOX(1)=FBOX( 1) +L OM 3620 WRITE(6.906) oM 4880 
DELTOT(1)=O0ELTOT(1)+0EL OM 3630 WRITE(6+907) FEOT.OELBOT OM 4890 
GO TO 91 OM 3640 DO 84 IK=1.21 OM 4900 
IF(FSQ#50) 38.38+39 DM 3650 SAX TE (Gio OR) LLIMCIK) « TLIM(IK) ¢ FBOX( IK) ,DELTOTCIK) DM 4910 
FBOX(2)=FBOX(2)+1 OM 3660 84 CONTINUE DM 4920 
DELTOT(2)=0ELTOT (2) +DEL DM 3670 MRI Gus Oe IIE DE EEDE OM 4930 
aabralel OM peer a a FLING oO om 4940 
IFCFSG4+20) 40,540-41 OM 3690 oO Rak 2 oM 4950 
FBOX(3)=FBOX(3) +1 OM 3700 TFTOT=I1FTOT+FBOx( IK) om 4960 
DELTOT( 3) =DELTOT(3) +DEL pl) Rar heal eabialyt leds pees 
Go TO 91 OM 3720 WRITE(6.910) IFTOT oM ageo 
IF (FSO+10) 42,542,431 eed ee Wee Paes ee 
eBOX AISEBOX(A) FL OM 3740 900 FORMAT('1 RESULTS OF THE DELI/I ANALYSIS +) OM 5000 
DELTOT (4)=0ELTOT(4)+0EL OM 3750 901 FORMAT(*O DELI/I RANGE NO. IN RANGE AVE NETT®* OM 5010 
Ga’ Tots OM 3760 902 FORMAT(7XsFaele! — 'yF4el e10XsI6sF 1462) OM 5020 
€B0X(5)=FBOX(5)+1 OM 3770 QOS FORMAT (12K s* >t sF Sel el OXs 16sF 1462) 
DELTOT(5)=0ELTOT(5) +0EL OM 3760 904 FORMAT(*0*.10Xs* TOTAL NOs OF REFLECTIGNS COUNTED HERE =*sI7) OM 5040 
Go TO 91 DM 3790 905 FORMAT(*1 RESULTS OF THE NETT COUNTS ANALYSIS*) DM 5050 
OM 3600 906 FORMAT(*O NETT RANGE NO. IN RANGE AVE OELI/I*) oM 5060 
ae c | OX e TOs lL OXF 744) oM s070 
T NETT COUNTS OM 3810 907 FORMAT(12x% < 200° . 
BoGa egos Tel ve e oM 3620 9OB FORMAT (SX +17e* — *%e17eBXel6e10X6F 744) OM soB80 
OM 3830 909 FORMAT(12X%4" > 1000000"8X+16410XsF 744) OM 5090 
CONTE OM 3840 910 FORMAT(*O NO. GF REFLECTIONS COUNTED HERE =", 16) DM $100 
LF (FSQ-10)44444,45 4 3850 ENO DM 5120 
FBOX(6)=FBOX(6)4+1 De eece 
DELTOT (6)=DELTOT(6)+0EL oO 
pag! Py OM 3870 
IF(FSQ-20) 46446447 oa ees 
FBOX(7)=FBOX(7) +1 a eae 
DELTOT(7)=DELTOT(7)+0EL tl 
co To 91 DM 3910 
920 
IF(FSQ-50) 48+48,49 a seas 
FBOX(8)=FBOX( 8) +1 aa) soko 
DELTOT( 8 )=OELTOT(6)+DEL att EEE 
GO TO 91 
iM 3960 
IF (FSO-100) 50,5051 ao Sah 
FBOX(9)=FBOX(9)+1 om 3980 
CES RUBIA GAC) ah agat 
LJ 4000 
LF(FSQ-200) 52.52,53 ce eate 
FBOX(1L0)=FBOX(1LO)+1 DM 4020 
= + 
iden DELTOT (10) +0EL DM 4030 
4040 
IF(FSO-S00) 54.54.55 en peas 
FEOX(11)=FBOX(11)+1 snl aceon 
DEL TOTUN IBD ECTCYAL TPE OM 4070 
DM 4080 
IF(FSO-1000) 56,5657 pM, 4090 
FBOX(12)=FBOX(12) +1 DM A100 
ECD LS Atha bn ekee 
om 4130 
IF(FSO-2000) 56.56+59 nil aa 
FEOX(13)=FBOX(13)+1 DM 41150 
Cae EU EIR ad Oa eked: 
OM 4170 
LF(FSQ-5000) 60,6061 DM 4180 
FBOX(14)=FBOX( 14) +1 OM 4190 
SRUTUT GUS -Cai Crus Ee OM 4200 
Go om 4210 
IF(FSQ-10000) 62.62.63 DM 4220 
FBOX(15)=FBOX(15) +1 OM 4230 
DEE TOTS mDEUTOTC.S) AOE DM 4240 
Go 1 DM 4250 
IF (FSO-20000) 64+64,65 DM 4260 
FBOX(16)=FBOX(16)+1 OM 4270 
DELTOT(16)=OELTOT (16) +DEL DM 4280 
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4.5 FRAME 

The continuous paper tape data-stream output by the FACS-1 diffrac- 
tometer must be modified in two ways before it is in useable form: 

(i) The records corresponding to the data for one reflection 
must be ''framed'' and written to an interim storage device as one logical 
record. 

(ii) The modified ASCII code eight channel, odd parity character 
representation of the data must be translated into its equivalent EBCDIC 
coding. An ASSEMBLER subroutine written by Mr. Ken May of Computing 
Services at this University accomplishes this. 

The 80 byte magnetic tape records read by this program are written 
without being prefaced by any control words. Because of this fact, and 
the expectation by the FORTRAN Input/Output Control System (FIOCS) that 
these words be present, it became necessary to use a modified version of 
FIOCS which did not examine the first two words of each record. The 
modified version of FIOCS was supplied by Mr. D. Webster of Computing 
Services. 

A listing of the FORTRAN mainline and the ASSEMBLER translation 


subroutine is given below. 
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* FRAME * 


PROGRAM TO TRANSLATE ANO BLOCK THE MAGNETIC TAPE IMAGE OF THE 
FACS-1 PAPER TAPE INTO A USABLE ONE RECORD PER REFLECTION FORMAT. 


MARCH/71 GeJeWILLIAMS (WITH A LITTLE HELP FROM MY FRIENDS) 


TYPE AND SIZE SPECIFICATIONS AND INITLALISATION 


LOGICAL#1 INCGATA( BO) .OUTDAT( 240)» TESCHAy BLANK 
INTEGER TAPINsFILOUTs PRINTR»REAOR +POINT( 2) yPUT 
INTEGER TITLE(20) 

DATA TESCHAS*X*7,+BLANK/* #7 

NCHAR=80 


READR=5 


00 20 I 
INDATA( 1) 
00 21 I= 
OUTOAT( 1)=BLANK 

READ(READR,900) TITLE 

FORMAT (20A4) 

READ(READR,901) TAFINyFILOUTsIPRINT+LINLEN 
TF(LEINLEN*LE+O) LINLEN=101 

FORMAT( 415) 

WRITE(PRINTR,»902) TITLE 
FORMAT(*14** 048886", 20AG,* OH8tteeeee®) 


GET ONE DATA BLOCK FROW TAPE — AND TRANSLATE IT 


READ(TAPIN,+END=100) INDATA 
CALL TRANS( TNDATA,NCHAR) 


PUT THE TRANSLATEC DATA INTO *QUTOAT* 


00 2 I[=1,NCHAR 
OUTDAT( 1+#PUT )=INDATA(I) 
PUT=PUT+NCHAR 


IS THERE ROOM IN *OUTDAT* FOR MORE DATA 7 
IF(PUT«LE*160) GO TO 1 
FIND A *TEST CHARACTER* -MCARRAIGE RETURNY 


Jel 
veil 
IFCOUTOAT(1)+EQ.TESCHA) GO TO 3 
I=14+1 

GO TO 4 
POINT(J)= 


ITF HAVE FOUND TWO TEST CHARACTERS WHICH DG NOT CORRESPOND 


TO EITHER A DATA LINE GR A STANDAROS LINE 
WRITE OUT WHAT HAS BEEN FOUND 


IF(J+GE.2) GO TO 19 
J=5+1 

GO TO 6 

POINT( 2)=POINT(2)-1 
co To 9 


ODES THE PREVIGUSLY FOUND TEST CHARACTER CORRESPOND TO 
A DATA LINE 7? 


IF (OUTOAT( T+. INLEN) «EQ.TESCHA) GO TO 5 


DOES THE PREVIOUSLY FOUND TEST CHARACTER CORRESFOND TO 
A STANOARDS LINE 7 


IF(OUTOAT(I+LINLEN+2) E04 TESCHA) GO TO 15 
T=1et 

Go TO 4 

POINT (J)=I14L INLEN+) 

POINT (J-1)=POINT( I-19 42 

Go TO 9 

POINT (J)=14#LTNLEN-1 


WRITE GUT THE FOUND LINE 


OLNT(1) 
OUNTC2) 


L 
WRITE(FILOUT+903) (CUTOAT(M) »M=KeL) 
FORMAT(120A1) 

IFCIPRINT) 7+7+8 

LINNO=LINKOFL 

WRITE(PRINTR+904) LINNOs (QUTOATIM) »M=KyL) 
FORMAT(* "414.4%, 12001) 


REPOSITION EVERYTHING AT THE BEGINNING OF THE ARRAY 
- AND CLEAR THE TOP END 


NLEF T=PUT-L 

DO 11 M=1,NLEFT 
QUTDAT(M) =OUTDAT(L+M) 
NENLEFT +1 

NN=PUT 

00 12 M=NeNN 
QUTDAT(M) =BLANK 
PUT=PUT-L 

GO TO 13 


WRITE OUT THE REMALNOER AT THE FINISH 


WRITE(FILOUT.905) CUTOAT 

ENOF ILE FILOUT 

FORMAT (103AL) 

TFC IPRINT+GT«0) WRITE(PRINTR¥906) QUTDAT 
FORMAT(*® *,102A1) 

stop 

END 


csecT 
THIS ROUTINE TRANSLATES “ASCII" TO EBCOIC 
THE FORTRAN CALLING SEQUENCE IS? 


CALL TRANS(NAME+LENGTH) 


UNDEF INEO CHARS . 
CARRIAGE RETURN x 
LINE FEED * 
TRAILER if 


€0u 0 

£0U 1 

e€ou 2 

ou 3 

ou 12 

ou 13 

ou 14 

ou 15 

STM REsRC+12(RO) SAVE REGS~ 

LA RE+O(RO) BACK POINTER TO SAVE AREA 
BAL RD+B4(.RF) ESTABLISH BASE REGISTER 
USING #+RO 

os 18F 

st RE»SA+a SAVE AREA CHAINING 

ST RD+B(+RE) CONVENTION PER OS 

uM R2eR3,O0(RI) ADOROF ARGS 

t R1,0(4R3) LENGTH 

ACTR R1+0 "LEM" LENGTH 

stc Ris eet eel INSERT LENGTH 

TR 0(0+R2)4TRTABLE TRANSLATE 
L RO+SAt4A 

uM RE»A3e12Z2(RD) RESTORE THE REGS+ 

6R RE 

CNOP 048 

eCOX LACH Ce "e2Crw! 

be cra .sict CHseec ecri2e 

pc CHHHCHAHy2CHHNVCHTBt LECT O® 

oc CHT, BCt ary CHR ASCH eCH?! 

oc OCH OH CHS SACHHN CI mate ChH! 

oc CHO 2CH Hh CHES crs6* 

oc 2C8HHeCHOF LOC TH NECIDY IC 
oc CIN ACH OH CHS AACIH! 


TABLENO EQU *#-TRTABLE 


END 
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40 
50 
60 
7o 
80 
90 
1000 
1010 
100 
110 
120 
130 
140 
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160 
170 
180 
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190 
200 
210 
2it 
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230 
240 
250 
260 
270 
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300 
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320 
330 
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350 
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400 
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430 
440 
450 
460 
470 
460 
490 
500 
510 
s20 
$30 
540 
550 
ss 
552 
553 
560 
570 
580 
s90 
600 
€10 
620 
630 
640 
650 
660 
670 
680 
681 
690 
700 
710 
720 
730 
790 
750 
760 
770 
760 
761 
790 
791 
B10 
820 
830 
B40 
850 
B60 
870 
280 
900 
910 
920 
930 
940 
950 
960 
970 
$80 
991 
990 
1000 
1010 
1020 
1030 
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4.6 PARALISTER 

The generation of the requisite atomic parameter tables for the 
publication of a structure was, prior to the introduction of this program, 
a tedious process fraught with the possibility of clerical error. PARA- 
LISTER will accept a card or binary file of the atomic parameters and 
will produce the various tables required. Options permit the user to 
choose between decimal or integerised parameters, inclusion or exclusion 
of e.s.d's, separate or integrated listings for the isotropic and aniso- 
tropic atoms, ''B'' or ''U'' thermal motion parameters, and the number of 
atoms to be listed per page in the case of very large tables. 

Following this is a listing of the program and a sample of its 


output. 
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4 
ATOMIC PAPAMETFRS FOR THE HYDROCEN ATOMS (X10 ) 


ATOM 
HC10) 
HC 8) 
Gay) 
Ree’) 
fGen) 
bec Ga) 
Ene) 
Gap 
H(5) 
HCG) 
H(91) 
GS ) 
HOLU)) 
PGi?) 
Fin. 2 1.) 
PU 22s) 
Gio 
Gd.) 
HC 141) 
HC1u2) 
HGLS1) 
Pt 2) 
Eteliaeot) 
WHC1) 


WH (2) 


X/A 
8679(15) 
ZO Clay) 
Pete C17) 
Dicey) 
BII2Z0I7) 
Bi Glo) 
7669(17) 
7869(16) 
ct ea Gey) 
§799(14) 
8482(17) 
8186(15) 
Shee S) 
7874(18) 
9075(20) 
9051(22) 


19433(24) 
WnNH26C19) 


9741(18) 
9966(17) 
7140019) 
754K 018) 
6500(29) 
9N28(19) 


-14(23) 


VE 
1845(25) 
1444023) 
1975:\C270) 

337.@ie 
“13 bodeeoe 
= 1233: C258 
-1327(26) 
-2336(27) 
300(27) 
1082 G228 
306 (26) 
1632 G23) 
3819(30) 
3669(28) 
5565 Coy) 
4783(36) 
3629(38) 
h0O21(30) 
2286(28) 
1462(28) 
-1097(28) 
-1865(27) 
-2182(31) 
-947(28) 


-1298(35) 


L7G 
910(13) 
1089(17) 
334(20) 
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1888(20) 
2655(20) 
3147¢209 
4632(20) 
5 Ge 22 0)) 
159.017) 
2048(21) 
2778(138) 
2175(24) 
994(20) 
Tey 8C22) 
6N9(26) 
811(27) 
1667 (25) 
2U57 (250 
1486 (20) 
6881023) 
6560(20) 
6620(24) 
380(23) 
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TO PRODUCE A *PUBLISHABLE* LIST OF ATOMIC PARAMETERS 


DIMENSION NSYM( 100) +NSYMB( 100) eNATOM( 100) +X( 34100). 

. STGX (34100) +81S0(100) +NVI8( 100). INDTRS(100) +811(100) »B22(100)y 
. 833100) 6823(100) +813(100),.812(100) ,OCCFR( 100) »SIGB11(100)+ 

. $1GB22(100) +S1G833(100)»S1GB23( 100) »S1GB13( 100) +S1GB12(100)» 


. SIGB(100) 
INTEGER REAOR+ PRINTR» TITLE 20) +HEADL( 20) sHEAD2( 20) sHEAD3(20) » 
. ALI (100).AS(100) 


900 FORMAT(20A4) 

901 FORMAT(1615) 

931 FORMAT(24A3) 

902 FORMAT(*1*,.20A4) 

903 FORMAT(*OATOMIC PARAMETERS TO BE INTEGERISED - THE MULTIPLIERS*/* 
«FOR POSN**S & TEMP PARA**S ARE 10***,I1,* AND 10#**, 114! RESP.* 
. ) 

904 FORMAT(*OATOMIC PARAMETERS NOT TO BE INTEGERISED*) 

905 FORMAT(*OALTASES FOR THE ATOMS TO BE READ AS SUPPLEMENTARY INPUT 
2ANO USED*) 

906 FORMAT(*OALIAS ATCM NAMES NOT TO BE SUPPLIED OR USED*) 

907 FORMAT(*OFORMATTED ATOMIC PARAMETERS TO BE READ FROM UNIT #%s12) 

908 FORMAT(*OBINARY FILE OF ATOMIC PARAMETERS ASSIGNED DSRN*.12) 

909 FORMAT(*OERROR ESTIMATES IN POSITIONAL PARAMETERS NOT REQUESTED®) 

910 FORMAT(*OERRORS IN COORDINATES TO BE PUBLISHED!) 

911 FORMAT(*OTHERMAL PARAMETERS TO BE PRESENTED AS ULut!S*) 

912 FORMAT(*ONO CONVERSION OF UIJU**S TO BIJ**S REQUESTED!) 

913 FORMAT(*OTHERMAL PARAMETEFS TO BE PRESENTED WITHOUT ERRORS*) 

914 FORMAT(*OESD**S IN THERMAL PARAMETERS TO BE PRESENTED®) 

91S FORMAT(7F10.5) 

916 FORMAT(20X.2I5) 

G17 FORMAT( 6X6 14e 2X eA4ol 44 3F1005¢F 10036215 +F 503) 

918 FORMAT(E6X+14s2XsA4e14+6F1005) 

919 FORMAT(*O THE CAROS FOR ATOM #*4134' ARE INCORRECTLY PUNCHED*) 

920 FORMAT(*2 TURN THE PAPER TO A NEW PAGE — ENTER SEVERAL NULL CHARAC 
«TERS (BLANKS) — AND THEN RETURN CARRAIGE') 

921 FORMAT(*0%+6xX.20A4) 


922 FORMAT(*O ATOM X7A Y/B Z/C B1Iso") 
923 FORMAT(*O ATOM X7A Yy/B Z/Cc oS 
924 FORMAT('O ATOM vil u22 U33 ul2 
. u23 ul3 ony 
925 FORMAT(*O ATOM B11 B22 B33 B12 
. 623 B13 °°) 
926 FORMAT('O ATOM x/A Y/8 zZ/c urso') 


927 FORMAT(#O *o3Xe2A3e6( 17 e* Ct eL2e*)*)) 
928 FORMAT(*0 %43Xe2A3e6(F7e4e"(%e12e%)*)) 
929 FORMAT(*O '43Xs2A3,6(17+2x)) 
930 FORMATC*O %53Xe2A3e3(18e4 (ol 20°) 4) 1B) 
OATA AS/100¥* wf 
RAD=57+29€7795 
PISQ=9.8696044 
READR=5 
PRINTR=6 
READ(READR.900) TITLE 
READ(READR.»901) LINT+ TALI AS+ IESOP. LESDBs [FMT+IUIJ+ JPPOS+JPTEMP, 
. JOSRN+ IBOTH+NPPAGE +NEGe J85d9 
IF(JPPOS+«LE+0) JPFOS=4 
IFC JPTEMP.LE+0) JPTEMP=4 
WRITECPRINTR+902) TITLE 
IFCLIINT«GE6O) WRITECPRINTR*903) JPPOS, JPTEMP 
FACTP=10*#4#JPPOS 
FACTB=10*4JPTEMP 
IFC JOSRNeLE*O) JOSRN=5S 
IFCLINT*LTCO) WRITECPRINTR»904) 
TFC TALTAS*GT.2O) WRETE(PRINTR2905) 
IFCTALIAS*LE+O) WRITEC(PRINTR+906) 
TFC ITFMT.*GE.O) WRITECPRINTR+907) JOSRN 
IFC IFMT.LT.2O) WRETE(PRINTR+ 908! JDOSRN 
TF(TESOP.LT.O) WRITE(PRINTR+909) 
IFC TESOP.GE.0) WRITE(PRINTR»910) 
IF(LUIJ.GE.0) WRITEC(PRINTR»O11L) 
TFC LULTJS»L TO) WRITECPRINTR»912) 
TFC TESOBeLT2O) WRITE(PRINTR+913) 
IF(TESOB.GE.0) WRITE(PRINTR,»914) 
IFCIUTJeLT20) GO TO 1 
READ(READR+915) AvBsCe+ALPHAs BET A+ GAMMA. WAVE 
COSA=COS( ALPHA/RAD) 
COSB=COS( EETA/RAD) 
COSG=COS( GAMMA/ RAD) 
TERM=140+240*COSA ¥COSB*¥COSG-COS A* COSA-COSB* COSB-COSG *¥COSG 
TERM=SORT(TERM) 
VOL=A*B*C*#TERW 
SINA=SQRT(1.0-COSA*COSA) 
SINB=SORT(1-0-COS68*COSB) 
SING=SQRT(1.0-COSG*COSG) 
ASTAR=WAVE*8*C#SINA/VOL 
BSTAR=WAVE*A*C#SINGB/VOL 
CSTAR=WAVE *A*B*SING/VOL 
1 IFCIFMT.«LT*«O) GO TO 2 
READ( JOSRN+916) NATOMSs ISYGMA 
00 3 I=1+NATOMS 
READ(JOSRN+917) NSYM( I) eNSYMB(T) »sNATOM(T 6 (XC Jo 1) eJ=1 93) eB SOI)» 
. NVIB(T),INOTRS(I),OCCFR(T) 
777 LFCISYGMA~104%(ISYGMA/10)) S+566 
6 READCIJDOSRN+917) E1el2e13s(SIGK( Jol) eJ=1e3) 
78 IF(I3.NE+-NATOM(I) -OR«I2sNE*NSYMB(I)) GO TO 7 
5 IF(NVIB(1).GTo1) READ(JOSRN,918) Llel2eT3sB1101)+822(1) +B33(1)» 
. B23(1).B13(1).B12¢1) 
IFC 13.NE«NATOM(I)sOReI2-eNEsNSYMB(I)) GO TO 7 
IFCISYGMAsLT»10) GO TO 3 
IF(NVIB(T)-«LT«2) GO TO 8B 
READ(JOSRN,918) MO+MD+ MO, SIGB1I1(1) -SIGB22( 1) +SI1GB33(1)+SIGB23(1)+ 
. SIGB13(1).SIGB12¢1) 
Go TO 9 


B READ(JOSRN+918) 11,.12.13,SIGB(I) 
9 IF(I3.NE«NATOM( 1) «ORsI2eNE*NSYMB(1)) GO TO 7 
3 CONTINUE 
GO TO 10 
7 WRITE(PRINTR+919) I 
sTop 51 
2 READ(JOSRN) NiL+NSER»+NATOMS+NWORDS 


ISYGMA=1 
DO 4 I=1,.NATOMS 
REAO( JOSRN) NSYMC IL) ¢NSYMBC(T) sNATOM( LT) 6 (XC Se TD) 9 d=be 3) s (SIGK (Je TD) Je 
. 103) eBISOCT) sNVISB(1)¢INOTRS( 1) +8110 1) ¢B22(1) 6B33( 1) +B23( 1) + 
. B13(1T),812¢1),CCCFR(I) 
4 CONTINUE 
10 READ(READR-»900) HEAD1+HEAD2+HEADS 
TFC(NEG) 77107716772 
772 00 771 L=1+NATOMS 
DO 773 JO=J8+59 
773 KC IOs TI=1Let+K(JOeT) 
771 CONTINUE 
TF(NPPAGEsLE+.0) NPPAGE=15 
IF(IALIAS«GT*0) READ(REAOR,+931) (CALI CT) ¢ASCL) 2+ 1=1eNATOMS) 
NTHRU=0 
113 INOX=1 
13 NOONE=0 
WRITECPRINTR+920) 


21.68 


REAOCREADR+900) NULL 
213 IF(NTHRU-1L) 16419420 

16 WRITEC(PRINTR»921) HEADL 
IFC IBOTH«LT*O) GO TO 21 
IFC IUTJ+¢LT20) GO TO 22 
WRITE(PRINTR*926) 

GO TO 23 

22 wRITE(PRINTR+922) 
GO TO 23 

21 WRITECPRINTR*923) 
GO TO 23 

19 IFC IBOTH.GE+0) GO TO 24 
WRITE(PRINTR.921) HEAD2 
IFCTUIJ.sGE.0) GO TO 25 
WRITEC(PRINTRs922) 

GO TO 23 

25 WRITECPRINTR,926) 
GO TO 23 

20 WRITE(PRINTR.»921) HEADS 
IFCIUIJ«LT«0) GO TO 26 
WRITECPRINTR+924) 

Go TO 23 

26 WRITE(PRINTR+925) 
GO TO 23 

24 NTHRU=NTHRU4L 
GO TO 213 

23 DO 111 T=INDX+NATOMS 
IF(NTHRU-1) 27627435 

27 LFC IT BOTHeLT 60 eANO-NVIB( IT) LT e2¢ANDeNTHRUsLTe1) GO TO 12 
TFC IT BOTHeLT 60 «AND eNVIB(I)4GTs te ANOSNTHRUCGT*O) GO TO 12 
IFCLINT«LT«O) GO TO 29 
IX=1FIX(FACTP#X(1,.1)+065) 

I FIX(FACTP*X(241)+065) 
T2Z=1TFIX(FACTP#X(3.1)+0.5) 

29 IFC CISYGMA-10*(ISYGMA/10))«LT+1) GO TO 28 
JSK=IFIX(FACTP#¥SIGX(1+1)+065) 
JSY=IFIX(FACTP*SIGX(261)+045) 
ISZ=IFIXCFACTP#eSIGX( 36134065) 

26 UISO=BISO(1)/(8.0*PISQ) 
JUISO=IFIX(FACTB*UISO+065) 

IFCIESOBsLT«0) GO TO 30 

JSB=IFIX( FACTB*¥SIGB(I)+0-5) 
JSU=TFIX(FACTB*UISO*#SIGB(I)/BISO(I) +045) 

IFC TALIAS*LE*O)ALI(I)=NSYMB(I) 

IFC(IESOP«LT«0) GO TO 30 

IFCNVIBCLT)eGTel1) GO TO 31 

WRITECPRINTR + 927) ALI (CT) sAS(I De I Xe ISX oL¥e ISVYeIZ+ ISZ+JUISOV ISU 
co TO ll 

31 WRITECPRINTRs927IALI (I) sASCT) e IXeJSKe TVs ISVYe 12s JSZ 
co TO ll 

30 ITF(NVIB(IT)eL Tel) GO TO 33 
WRITECPRINTR +929) ALI (CI) ASC Te IXeIV¥e IZ 
co TO 11 

33 WRITE(PRINTR+930)ALIC LE) sASCT) + TXsJISXs1¥eJISVeIZs JSZ+JUISG 
co TO 11 

35 IF(LIUIJeLT2O) GO TO 34 
IF(NVIB(T).LT*2) GO TO 12 
UL1L=B11(1)/(2.0 #PI SQ#ASTAR¥ASTAR) 
U22=B822¢(1)/(2e0¥P1SG*BSTAR*BSTAR) 


u3 3301)/7(2<0*PISQ*CSTAR*CSTAR) 
ul 1201)/7(4.0*PISO*ASTAR*BSTAR) 
U23=B23(1)/(4.0*PISO#BSTAR*CSTAR) 


U13=B13(1)7(4.0*PTSQ*#ASTAR*CSTAR) 
34 IF(IESOB.LT-O) GO TO 36 
JBLI=LFIX(FACTB*SICB1II( I) #065) 
FIXCFACTB¥SICGCB22(1) +045) 
FIX(FACTB*SICB33(1) +045) 
FIX(FACTB*SICB12(1) +045) 
FIX(FACTB*SIGB23(1) +065) 
FIX(FACTB*SICB13(1) +065) 
FIX(FACTB*UL1L*SIGBILCI)/BI1L(T) 4045) 
FIXCFACTB*U22*S1GB22(1)/B22(1) +045) 
FIX( FACTS *U33*S1G633(1)/B33(1) +065) 
FIX(FACTB*U12*SIGB12(1)/B12(1) +065) 
JU2ZZ=LFIX(FACTB*U23*SIGB23(1)/623(1) +065) 
JULZ=IFIX(FACTB*UL3*SIGBI3(1)/B13(1) +0465) 
36 IFCLINTs«LT«O) GO TO 37 
TULL=IFIX(FACTB*U114+065) 
FIX(FACTB*#U22+0-5) 
FIX(FACTB4*U33+0.5) 
FIX(FACTB#U124+065) 
FIX(FACTB*U234+0-5) 
FIX (FACTB*U1340-5) 
FIX(FACTB*B11(1)+065) 
FIX€FACTB*B22(1)+065) 
FIXCFACTB¥822(1)+045) 
IBL2=1FIX(FACTE*B12(1)+065) 
FIX (FACTB¥6823(1)4+0-5) 
IB13=1F 1 X( FACTB*B813(1)+065) 
WRITE(PREINTR 6 927IALIC I) eASCL) oe LULL + JUL Ls TU22¢JU22+¢1U334JUS3+IUL2y 
. JUL2,TU23 + JU23¢TUL3+JULS 
GO TO 11 
37 LFCTULS +L T*/OsORSITINTsL Te OsORSITESDB6LT~“O) GO TO 38 
WRITEC(PRINTRs 929) ALT (1s AS(T) sULL pJULL9U226JU22¢U335JUS3eUL2 + JUL2¢ 
. U2344IU2Z36U13+JU13 
Goo TO 11 
11 NOONE=NOONE¢1 
12 INOX=INDX+1 
IF (NDONE+«GE+«NPPAGE) GO TO 13 
111 CONTINUE 
NTHRU=NTHRUF1 
IFCNTHRU+LE*2) GO TO 113 
sToP 100 
38 STOP 99 
ENO 
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The Lorentz and polarization correction terms which should be 
applied routinely to all sets of diffraction intensities differ accord- 
ing to the manner of the data collection. 

In the case of photographic data obtained with the Buerger 
precession instrument, the combined correction term is dependent upon 
all three of the cylindrical reciprocal space coordinates and must be 
evaluated according to a complicated expression. The FORTRAN algorithm 
given below will compute and apply these correction terms for data 
originating from a crystal of any class and mounted in any rational 


manner. 


C¥eeeee 


2 Ne CALCULATE AND APPLY LORENTZ AND POLARIZATION CORRECTIONS TO 
ee inerinere FILM OATA FOR THE GENERAL TRICLINIC CASE Ge Je WILLIAMS 
OIMENSION TITLE(20) + AFINT(S) eo ILWT(5S) ¢JLAY( 5S) ¢INON(S) 
COMMON P(343)6 Q(343)4 R(363). S(363) 
REAL HeK+lLyLPCORF 
INTEGER HH 
1 READ(5.900,END=100) TITLE 
900 FORMAT(20A4) 
2 READ (5 +901) As 64Cs ALPHAs BETA» GAMMA, WAVE 
901 FORMAT(6F12.3.F6.4) 
Ceeeee 
c TO CALCULATE RECIPROCAL LATTICE PARAMETERS 
Ceteeee 
PI=3.141592 
RAD=3.141592/160. 
ALPHA=ALPHA#RAD 
BETA=BETA*RAD 
GAMMA=GAMMA*RAD 


oT NRCOS (COS (BET A) #COS (GAMMA )—COS (ALPHA) )/(SIN( BETA) *SIN(GAMM 


STRAIT ne nce ACEHAD #CAS(GAMMA Cas (BETAN)7.CSINCALEHAD*SIN (GAM 
A 


Oe Eye coe (EGS (ALPHA) #COS(BETA)—COS(GAMMA))//('SINCALPHA) *SIN(BET 
42 ASTAR=WAVE/(A*#SIN(BESTAR) *SIN( GAMMA) ) 
44 BSTA AVE/(B¥*SIN(ALSTAR )*SIN(GAMMA) ) 
CSTAR=WAVE/(C#SINCALSTAR) #SIN(BETA)) 
WRITE(6.900) TITLE 
ALPHA=ALPHA/RAD 
BETA=BETA/RAD 
GAMMA=GAMMA/RAD 
ALSTAR=ALSTAR/RAD 
ESTAR/RAD 
ASTAR/RAD 
WRITE (64905) A+6+C+ ALPHAs BET Ay GAMMAs ASTAR» BSTAR » CSTAR+ ALSTAR+ BESTAR 
XeGASTAR 
ALPHA=ALPHA*RAD 
BETA=BETA*RAD 
GAMMA=GAMMA#RAD 
AL STAR=ALSTAR#RAD 
BESTAR=BESTAR*RAD 
GAST AR=GAST AR*RAD 
Ceetee 
c TO CALCULATE CYLINDRICAL COORDINATES 
Ceeeee 
3 READ(S+9026END=100)Us Ie Je Ny OEL TAs INPUT+SCALE 
902 FORMAT(FS.243125F 6035 12+F 603) 
SCALE=SCALE*5.872 
U=U*RAD 
IF(1*eEQe1)GO TO 5 
TF(1+EQ-s2)G0 TO 6 
H=06 
K=0. 
Lele 
co TO 7 
S H=1. 
K=0. 
L=06 
co TO 7 
99 WRITE(6.801) 
GO TO 40 
6 H=0. 
K=1le 
L=0- 
7 PCL sl d=H/A 
P(1.2)=COS(GAMMA) 
P(1+3)=COS(BETA) 
P(2+1)=K/B 
P(262)d=16 
P(2+3)=COS( ALPHA) 
P(3s1)=L/C 
P(3+2)=COS( ALPHA) 
PC3s3)=1e 
OCLs 1LI=Ale 
Q(1s2)=H/A 
Q(1+3)=COS(BETA) 
Q(241)=COS( GAMMA) 
Q(242)=K/B 
Q(2+3)=COS( ALPHA) 
QO(3+1)=COS(BETA) 
Q(3s2)=L/C 
O(3,3)=16 
ROLeld=le 
R(1+2)=COS( GAMMA) 
R(Ls3)=HSA 
R(261)=COS(GAWMMA) 
R(2+2)=16 
R(2+3)=K/B 
R(3.1)=COS(BETA) 
R(3«2)=COS( ALPHA) 
RU3B+3)=1e 
SCL+1)=1e 
S(1+2)=COS(GAMMA) 
S(1+3)=COS(BETA) 
S(2+1)=COS( GAMMA) 
S(2-2)=1.- 
S$(€2+3)=COS( ALPHA) 
S(€361)=COS(BETA) 
S€3+2)=COS( ALPHA) 
S(3s3)=1- 
46 ANUM=(H/A)#0ET(P)+(K/6) #D0ET(Q)+(L/C) *DET(R) 
DENOM=DET(S) 
47 D=SOQRT(DENOM/AKUM) 
OSTAR=WAVE/D 
AN=FLOAT(N) 
ZETA=AN*DSTAR 
U=U/RAD 
WRITE(6+910)UsI oJ eZETAs SCALE 
U=U*RAD 
910 FORMAT(*1ANGLE OF PRECESSION (DEGREES) IS*F9+3s/* REAL AXIS PARALL 
MEL TO X-RAY BEAM INDICATOR IS*I5¢/* SPINDLE (RECIPROCAL) AXIS INDI 
XCATOR IS*{5e/* ZETA (ReleUs) FOR THIS SECTION IS*F10«5+* SCALE='"F6 
Ke3) 
IF(INPUT*EQ.-1) GC TO 99 
WRITE(6.907) 
40 GNU=ARCOS(COS(U)-ZETA) 
87 LFCINPUT«EQ.-1) GO TO SI 
8B READ(5+903) HHyKK»LL+OBSINT 
903 FORMAT(3144F1044) 
Go TO 31 
51 00 50 M=1leS 
AFINT(M)=O6 
TLWT(M) 
JLAY(M)=0 
INON(M)=0 


S50 CONTINUE 
30 READ(5 »800)HH»KKyLL + NAXs (AFIENT(M) ¢ ELWT(M) » JLAYCM) » LNON(M) »M=1 45) 


22 


31 IF(HH.EQ.99) GO TO 3 
H=FLOAT (HH) 
K=FLOAT(KK) 
L=FLOAT(LL) 
ITF (1 eEQel eANOJ+EQe2) GO TO 9 
TFC 1eEQe) eANDSJ+EO43) GO TO 10 
TFC L*EQ*2sAND«eJ+E043) GO TO il 
IFC IL ¢EQs2eANDeJeEQe1) GO TO 12 
TFC 1 eEQe3 eANDeJeECol) GO TO 13 
72 KI=SGRT( CH*ASTAR) ##2+(K#BSTAR) *#2—-2*H*K*ASTAR#BS TAR*COS(PI-GASTAR) 
x) 
IF(K+EQ.s06) GO TO 90 
TAU=ARCOS(( (K#BSTAR) *#2+X1#*2—-(H*ASTAR) **2)/(26*XI*#K*BSTAR) ) 


GO TO 14 
90 TAU=GASTAR 
GO TO 14 


9 XI=SQRT((K*BSTAR) ##24+(L¥*CSTAR)*#2—2*K*L*BSTAR*CSTAR*COS(PI-ALSTAR) 
x) 
IF(K*eEQeO-) GO TO 91 
TAU=ARCOS(( (K*BSTAR) *#2+X1¥¥*2—(L¥CSTAR)*4#2)/(24*K*BSTAR*XI)) 
GO TO 14 
91 TAU= ALSTAR 
GO TO 14 
10 XI=SQRT((K*BSTAR) *#2+(L *CSTAR) €*2-24K*1 *BSTAR*CSTAR#COS(PI-ALSTAR) 
x) 
IF(LeEQs0-) GO TO 91 
TAU=ARCOS (((L#CSTAR) *#24+K I##2—(K*BSTAR) €*2)/( 20*L¥*CSTAR*XI)) 
GO TO 14 
11 XI=SOQRT( CH*¥ASTAR) #*2+ (L*¥CSTAR)** 2-2 #H*¥L*¥ASTAR*CSTAR*COS(PI-BESTAR 
x») 
IF(L*EQs04) GC TO S2 
TAU=ARCOS( ( (L*CSTAR) ##24+X1*#2—( H#ASTAR ) #¥2)/( 26 *L*#CSTARSXI)) 
GO TO 14 
92 TAU=BESTAR 
Go TO 14 
12 XI=SQRT((H*ASTAR) ##2+(L#*CSTAR )*#2—2, #H*L*ASTAR*®CSTAR*COS(PI-BESTAR 
x») 
IF(HeEQe0+) GO TO 92 
TAU=ARCOS( ( (H#ASTAR )#¥24K1%*2-(L*¥CSTAR)**2)/( 26 *H#ASTAR¥XI)) 
GO TO 14 
13 XI=SORT (CH*ASTAR) *¥2+ (K*¥BSTAR) €#2-2,4 #H*L FASTAR*BSTAR*COS( PI-GASTAR 
xd) 
IF(HeEQGs+04) GG TO 90 
TAU=ARCOS (( (H#ASTAR) ##24+X1%#2+(K*BSTAR) ##2)/( 26 *H#ASTAR*XI) ) 
14 CONTINUE 
E=(X1**24+(STINCU)) ##2—-CSIN(GNU) )**2)7(2*XI*SIN(U)) 
AE=ABS(E) 
TFCAE*GT«1+«0000) GC TO 66 
ETA=ARCOS(E) 
DELTA=DELTA*RAD 
TAU=TAU+DELTA 


CHORES 


c 


CALCULATION OF CORRECTICN FACTOR 


CHHEE EH 


45 FUNA=4.*COS(U) *(44*XI##2*(SIN(U)) #*2-( (SINC GNU) )*##2-(SIN(U))**2-XI 
X#92) #42) 04065 
16 FUNB=8.-44#ZETAS#24ZETAREGH ( 26 FZETABE2—4. EXIT HH 2X1 HHO 
17 FUNC=FUNA/FUNB 
19 FUNE=1e/(1e#( TAN(U) )##2% (SIN(TAU-ETA) ) *#2) 
18 FUND=16/(16+(TAN(U) )##2#(SIN( TAUFETA) ) ##2) 
20 FUNF=FUNO¢FUNE 
21 FUNG=1.6/FUNF 
LPCORF=FUNC*FUNG 
LPCORF=LPCORF*SCALE 
IFC INPUT«NE«-1) GO TO 36 
DO 37 M=1-45 
AFINT(M)=AFINT(M) #LPCORF 
37 CONTINUE 
GO TO 35 
36 CORINT=OBSINT*LPCORF 
35 TAU=TAU/RAD 


905 FORMAT(*OREAL CELL PARAMETERS IN ANGSTROMS ANO DEGREES ARE*//* A=* 


KF6036*B="F6e34'C="F 6636 * ALPHA="F6024 * BETA="F6025" GAMMA="F6e2e//* R 
XECIPROCAL CELL PARAMETERS ARE*//* At FB.6+'B "FOe60'C#="FBL65'A 
XLPHA#=" F6624*BETA#="F6026 *GAMMA#="F6624'(OIMENSIONLESS UNITS AND D 
XEGREES)*) 
IFC INPUT +«EQe-1) GO TO 32 
33 WRITE(7T +909) HH» KKelLL+CORINT 


909 FORMAT(314¢F1 044) 


WRITE(64906) HHeKKyLL+OCBSINT+CORINT «LPCORFsZETAeXIy TAU 
Go TO 8 


907 FORMAT(* H K L OBSD INTY cOR**D INTY 1vLP ZETA xr 


x TAU*) 


906 FORMAT( 2144 3X oF Ee 2e 3X oF Be 2eF 906s OF Te SeF7e3) 


32 NAX=0 
WRITE(7 +800) HH+ KK eh Ly NAXs (AFINT (M) + LLWT(M) + JLAY(M) + TNON(M) oe M= 195) 


BOO FORMAT(41S.S5(FSel¢12s14.11)) 
801 FORMAT(* H K L 17LP NAX COR INT OTHER DATA REOUCTION FIE 


XLOS *s23Xe* ZETA xt Taut) 
WRITE (6 6802) HHe KK eLL +» LPCORF +eNAX+ (AFINT(M) + ILWT(M) + JLAY(M) » LNON(M) » 
XM=155) +ZETAsXTe TAU 


BO2 FORMAT( SAL 4 oFBe Sel 4eS(FSelel2e14e ll vo) F826 2XeF 8 e642 oF Boh) 


GO TO 51 
B6 WRITE(6+911) HHe KKeLL 


911 FORMAT(* *##*#* FOR REFLECTION'3I4.* ETA IS AN IMAGINARY ANGLE AND 


XREFLECTION IS UNOBSERVABLE CHECK INDEXING*) 
Go TO 87 


100 sToP 


END 

FUNCTION DET(A) 

DIMENSION A( 343) 

COMMON P (343) 40033) ¥R6343)4S(343) 

DET=AC Le LHC AC2] 62) 8 AC 363) —-A(2e 3)HAC 362) HAC Le 2)¥(A(2 63) HAC 341 I-AC2 
Ke LP *AC Ie SDI F+ACLT + 3dHCAC2¢1)#AC 34 2)-AC 341) #A( 2¢2)) 

RETURN 

END 
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4.8 NRC-8 

The general Fourier synthesis program of the N.R.C. system was 
modified in two respects to increase its versatility. 

The first simple modification permits the user to exclude 
reflections with small scattering angle from Patterson map calculations. 
This facility is used to give more prominent vector peaks for the heavier 
atoms of a structure. 

In the initial stages of a structure solution, many of the phase 
angles may be in considerable error. To avoid the spurious peaks and 
general unreliability in maps calculated using coefficients with 
incorrect phase angles, a subroutine was written which computes and 
applies weighting factors appropriate to the phase angle reliability 


(146) 


of each reflection The FORTRAN coding of subroutine SIM is 


reproduced below. 
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anna 


annn 
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ano 


1 
0216 


o2is 
0227 
o222 
o224 


217 


0219 


229 


0223 
0233 
0231 


0232 


0235 


234 


0221 
0238 
0237 


0236 
0243 


0225 


o2a2 
024 


0239 


0226 


215 
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18 
19 


17 


20 


6 
50 


Si 
s2 
s3 
sa 


ss 
258 
ST 


se 
59 
60 
61 
62 
63 
456 
66 
67 
668 
69 
70 
71 
72 
73 


ai 


7 
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SUBROUTINE SIM(CTHsIKs IL + AMPL + IFOs IFC, 1AQs 1806SCALE1+ SCALEZy 


x WAV» ANORM,sICENT+SINSQ) 


TO CALCULATE AND APPLY SIM*S WEIGHTS TO THE FOURIER COEFFICIENTS 


MeNeGeJAMES AND GeJeWILLTAMS UNIVERSITY OF ALBERTA JULY/70 


OIMENSION AMFL(13) 
DIMENSION FFC18) 


DATA FF/100 604934 €87 5 7642554606027 4444243 43263114 2460335184442, 


KVM ATL 4G 106 O11 486091 64632554461 y Oe 5064 36 725434 0624 24536420 0874 


DATA INO/1/ 

GO TO (241)+IND 

TND=2 

IF(SCALE2.LE.0.0) SCALE2=1.0 
01=240 


07=18432.0 
08=147456.0 
09=1474560.0 
o1 4745€00.0 
D11=176947200.0 
on 12336600040 
013=29727120000.0 
TOEHETE EOS OOS ESO UET HES EO REO ESSE HE REESE 

INTERPOLATION ON THE NORMALISED SIGFSQUARED CURVE- 

THIS SECTION LIFTED (WITH MODIFICATIONS) FROM NRC2 


PL=400.0*ALOG(FF(1)/FF(2)) 
P2=133- 333*ALOG(FF(2)/FF(3)) 
RLAMSG=1407 (WAV#WAV) 
CONTINUE 

RSO=SINSG*RL AMSG 
S=SORT(RSC) 

LF(RSQ-0.002£) 21742174218 
TF(RSQ-040100) 21942195227 
IFCRSG-0.1600) 22142214222 
IF(RSQ-140000) 223,223,224 
IFCRSO-1469) 22542254226 

S BETWEEN © AND 0.05 

CONT TNUE 

PieRsa 

F(1)#EXP(ARG) 

GO TO 215 

S BETWEEN 0-05 AND 0-10 
DRSO=0.0025-RSO 
ARG=P2*DRSO 
FSO=FF(2)*EXP(ARG) 

GO TO 215 


CUBIC INTERPOLATION 


INTERPOLATIGN WITH FORWARD OIFFERENCES (S BETWEEN 0.4 AND 140) 


Lo=9 

R1=0.50 

IFCS-R1) 232+232.231 
LO=Lo+1 

RI=R1+061 

GO TO 233 
Z=10«#(S+0.1-R1) 
Li=Lo+1 

L2=Lo+2 

L3=Lo+3 

XM1=0.59( 2-1.) 82 

XM2=0 4333334XKM1 #( 2-2.) 
FSO=FF(LO)+Z*(FF(L1)-FFC(LO) )+xXM1e(FF(L2)-FF(L1)— 


X  FR(LL) 4FF (LOD) +XM2 (FF (L3)-3.08 (FF (L2)-FF (LI) )-FF(LO)) 


GO TO 215 


INTERPOLATION WITH BACKWARO DIFFERENCES (S BETWEEN 0-1 
Lo=4 

R1=0-15 

TF(S-R1) 23642364237 
LO=LO+1 

R1=R1+0.05 

Go TO 238 
Z=20.%(R1-S) 

Li=Lo-1 

L2=Lo-2 

L3=L0-3 

GO TO 235 

ENTER FOR S BETWEEN 120 AND 143 
Lo=16 

R1=1.210 

IF(S-R1) 2394239.241 
LO=Lo4+1 

RISR1+001 

GO TO 242 
2=10-*(R1-S) 

GO TO 243 
EXTRAPOLATE WHEN S WORE THAN 143 
Lo=18 

RI=163 

GO TO 239 

CONT INUE 
SFSO=FSO*ANORM/10060 
FO=AMPL( IFO) 
FC=AMPL(IFC) 
FO=FO*SCALE} #SCALE2 
FC=FC*SCALEL 
IFCICENT) 44443 


FOR THE CENTRIC CASE 


X=ABS( FO*FC/SFSQO) 
IF(X-5+0) 16017617 
TF(X-04001) 19,868 
WGT=0.0 

GO TO 20 

WGT=140 

GO TO 20 

A=EXP(X) 

B=EXP(-X) 
WGT=(A-B)/(A+B) 

AMPL( IFO) =AMPL( IFO) #WGT 
AMPL(ILFC)=AMPL (IFC) #WGT 
RETURN 


FOR THE NON=CENTRIC CASE 


X=ABS(2.0#FO#FC/SFSO) 
IF(X=1040) 64747 
IF(X-0-001) 21421450 
X2=KOXx 

XB=KOX2 

K4=X2x2 

XS=X3HK2 

X6=K34X3 

X7=KO9KS 

XB=KAOKG 

XO=KS¥KS 

XLO=X5#XS 

XL1=X68KS 

X12=K6*K6 

X13=X70X6 

TO=140 

T1=x/01 

T2=x2/02 

T3=X3/03 

T4=Ka/D4 

TS=x5/05 

T6=x6/06 

TT=X7/07 

TB=X8/06 

T9=X9/09 

T10=%10/010 

TIL=X11/014 

T12=x12/012 

TA3=x13/013 
BESSO=TO+T2+TA4+TOFTO+TLOFT12 
BESSI=TIFTI+TS¢TT+TO+TLIFTIS 
WGT=BESS1/BESSO0 

60 TO 5 

WGT=040 

Go To 5 

WGT=140 

CONTINUE 

AMPL CLFO) =AMPL( TFC) #WGT 
AMPLCLFC)SAMPL( IFC) #WGT 
AMPL (LAO) =AMPL( IAC) #WGT 
AHPL(1B0)=AMPL( 160) *WOT 
RETURN 

END 


AND 0-4) 


751 
752 
755 
754 
755 
756 
757 
758 
759 
760 
761 
762 
763 
764 
765 
766 
767 
768 
769 
770 
raat 
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773 
774 
775 
776 
777 
778 
779 
760 
7e1 
782 
783 
764 
785 
786 
787 
788 
789 
790 
ToL 
792 
793 
794 
795 
796 
797 
798 
799 
800 
B01 
B02 
603 
604 
eos 
806 
807 
eos 
B09 
B10 
eit 
e12 
a13 
ala 
615 
616 
B17 
e18 
619 
620 
821 
B22 
623 
B24 
825 
626 
627 
628 
629 
830 
631 
a32 
833 
634 
635 
836 
837 
838 
839 
840 
Bal 
a2 
B43 
gas 
B46 
Bar 
eae 
B49 
850 
est 
es52 
653 
asa 
ess 
656 
857 
858 
859 
660 
B61 
862 
863 
B64 
B65 
866 
267 
868 
B69 
870 
e711 
a72 
874 
are 
875 
876 
a77 
676 
879 
880 
eer 
862 
883 
B84 
885 
886 
e87 
6a8 
889 
890 
ag 
92 
893 
ase 
695 
B96 
ao7 
8968 
899 
900 
901 
902 
903 
904 
905 
906 
907 
908 
909 
910 
922 
913 
913 
914 
15 
916 
917 
918 
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4.9 NRC-10 

Apart from the compiler limitations which forced the splitting of 
this program into three subroutines, by Dr. D. Hall in 1968 (then 
Professor of Chemistry at this University), further extensive reorgani- 
zation was undertaken with several objectives in mind. 

(i) To make the program capable of recycling without user inter- 
vention. The removal of all except the final tape rewinds and the 
introduction of a work disc used in direct access mode were instrumental 
in accomplishing this. 

(ii) Because of the high speed and reliability of the IBM-360/67 
it was felt that the intermediate dump and restart facility was unnec- 
essary; it was accordingly removed and to further economise the gener- 
ation of the results tape was made an optional facility. 

(iii) The card input of the control parameters was simplified and 
the program's interpretation of these control parameters was printed out. 

As well as the modifications implicit in the above concepts, several 
other improvements were made. These include: 

More efficient paging of the printed output. 

Provision for using individual atom matrix multipliers. 

A facility to permit listing of the matrices for inspection. 

The addition of a user programmable ''weight'' subroutine. 

Optional and in-sequence card output of the thermal parameter e.s.d's. 

Inclusion of an in-program tape mount facility. 

In addition to all of the above, an extensive error analysis and 
agreement summary subroutine was added. This summary is provided in 


ranges of see Merce dean whee welate! |F oI: An analysis of the agreement in 
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terms of an F curve is also provided. A listing of subroutine 


thresh 
ANAL is given below. 
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